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Genetic resources are one of the key strategies with which farmers respond to occurring and 
unpredicatable weather patterns. This study was aimed at testing the performance of farmer-
acceptable improved  multiple stress tolerant bean varieties and assessing farmers perceptions 
through participatory variety selection approach in the districts of Rakai and Hoima in 
Uganda. The specific objectives of the study were to determine the agronomic pefromance 
for yield and disease reaction of the bean varieties in multi-environment trials, and to 
understand variety selection criteria of farmers and compare it with that used by breeders to 
determine where there is convergence/divergence and its implications for breeding and the 
selection of varieties for future participatory variety selection studies. 
The study was conducted with nine selected farmer groups in Hoima and Rakai district. 
These districts were identified to experience contrasting climatic conditions, degraded soils 
and declining soil fertility by the Climate Change, Agriculture and Food Security programme 
(CCAFS) of the Consultative Group for International Agricultural Research (CGIAR). 
Fifteen bean varieties bred for different traits were tested in six villages to determine their 
performance for yield and yield components, and reaction to diseases and in  nine villages for 
farmer preference. Each trial was planted in split plot design with two replicates. Finlay and 
Wilkinson (FW), the Additive Main Effect and Multiplicative Interaction (AMMI) analysis 
and Genotype + Genotype interaction (GGE) biplot were used to assess G x E effects on 
performance for key agronomic traits of the fifteen varieties in six locations. Researchers 
selection index were derived from the traits measured in the trials and compared with the 
farmers’ preference index using spearman rank correlation.   
The result indicates that the six environments under evaluation could best be classified in two 
mega-environments based on the yield output of clean seed. Mega-environment 1 consisted 
of Gosola village in Rakai, and three villages in Hoima district; Butimba, Butyamba and 
Kyakamese village while mega-environment 2 consisted of two villages; one in Rakai; Ninzi 
and another in Hoima, Mpalangasi village. Varieties NABE 2 and NABE 14 performed best 
in one mega-environment while varieties ROBA 1 and NABE 2 were the best in the second 
mega-environment. Based on Finlay and Wilkinson and AMMI, varieties Masindi Yellow 
Long, NABE 17 and CAL 143 were the most stable while varieties ROBA 1, NABE 2 and 
RWR 719 were high yielding but unstable in clean seed weight. The latter varieties (viz. 
ROBA 1, NABE 2 and RWR 719) were also highly responsive to environment difference in 
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number of pods and in reaction to the three diseases, namely, ALS, bean rust and CBB 
disease severity. The number of pods per plant and reaction to disease were the traits less 
influenced by genotype-by-environment interaction.  
A significant but negative spearman rank relationship was observed between choices of 
researcher and that of farmers’ for varieties. Varieties RWR 719, NABE 2, NABE 14 and 
ROBA 1 were the best based on researcher ranking. While Masindi Yellow Long, Farmers’ 
seed and NABE 17 were farmer preferred varieties. Some of the introduced varieties were as 
well liked as the local varieties. The exotic varieties of choice included KAT B1, KATX 69, 
KATX 69 and KATX 56. Early maturity, seed size and colour (KAT B1) are attributes that 
could have favoured the varieties selection by farmers.   
These findings imply that Masindi Yellow Long was the most popular variety and produced 
stable clean seed yield across locations. The variety however, was found highly susceptible to 
diseases. Thus, improvement of Masindi Yellow Long by researchers would improve food 
security situations in the CCAFS selected sites and in the whole of Uganda. Furthermore, 
strong researcher-farmer collaboration will be required in the futur for selection and 
development of improved varieties to ensure high likelihoods of adoption of varieties that are 













1.1 Origin and current production levels 
Common bean (Phaseolus vulgaris L.) is believed to have originated from Central and South 
America and first domesticated in Tehuacan Valley, Mexico and Peru about 6000 and 5000 
BC, respectively (Wortmann, 2006). Of the thirty species of Phaseolus known to exist, five 
have been domesticated, namely, P. vulgaris, P. coccinus, P. polyanthus, P. acutifolius and 
P. lunatus. Common beans were introduced into continental Europe in the 16th century, and 
thereafter into Africa through Brazil following the slave trade route (Wortmann, 2006). The 
crop eventually reached Uganda from the East African coast in the 18th century (Purseglove, 
1988).  
Worldwide Phaseolus beans are ranked first amongst the edible legumes (FAOSTAT, 2014) 
and are considered as the major source of protein for the resource poor small scale farmers 
especially in Africa  (Buruchara et al., 2011). In Uganda, beans are ranked fourth in terms of 
production after maize, sorghum and rice in that order (UBOS, 2012). The major producing 
regions being western (44.3 percent) followed by the Northern (27.0 percent), central (18.0 
percent) and eastern (10.6 percent). At the district level, Ntungamo (138,000 metric tonnes 
(Mt)), Mubende (78,000 Mt) and Amuru (75,000 Mt) were reported had the highest bean 
production levels in the country (UBOS, 2010). Based on the suvery results, K132 was 
reported most popular bean variety in Kamwengye and Iganga. Other improved varieties 
were NABE 14 that came second at 17% and K131 third at 5% whereas varieties KK8 and 
NABE 12C were the least grown (Barnett et al., 2011). The crop is mainly grown on small 
scale where average land holding sizes are between 0.1 and 1.69 hectare (Sibiko et al., 2013). 
The aggregated land area covered by the crop was at 634,400 hectares yielding an average 
929,500 tonnes between 2008 and 2011 (UBOS, 2012).  However, since then there has been 
minimal increase in bean production in Uganda.  The yield per hectare is reported to fluctuate 
at the range of 0.4 to below 1 tonne since 1962 to 2012 (FAOSTAT, 2014). Bean production 
across Africa has similarly been low (FAOSTAT, 2014). 
The low production of beans has been attributed to several biotic and abiotic constraints 
(CIAT, 1989; Beebe et al., 2012). The major abiotic constraints include; declining soil 
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fertility (Nitrogen and Phosphorous deficiencies), drought, floods, while the biotic are mostly 
pests such as the stem maggot (Ophiomyiaphaeoli Tryon)  and bacterial, viral and fungal 
diseases (Beebe et al., 2011a). The most important bacterial diseases include  common 
bacterial blight (Xanthomonas campestris pv. phaseoli), halo blight (Pseudomonas syringae 
pv. phaseolicola) and bacterial brown spot (Pseudomonas syringae pv syringae); the key 
fungal diseases are root rot (Pythium and Fusarium spp), anthracnose (Colletotrichum 
linemuthianum), and angular leaf spots (Psuedocercospra griseola). Among viral diseases, 
the most important is bean common mosaic potyvirus and bean golden mosaic begomovirus 
disease (Ugen, 2012; Namayanja et al., 2007). Occurrences of these production constraining 
factors has been linked to climate change and variability (Beebe et al., 2012; Beebe et al., 
2011). 
1.2 Efforts towards provision of options for copying to stresses influenced by climate 
change 
Bean production in Uganda has been steadily declining by over 2% per year over the years 
(Abate, 2012). Despite the production of new bean based technologies, there continues to be 
very low adoption of the current improved bean varieties. Genetic resources are one of the 
key strategies with which farmers respond to occurring and unpredicatable climatic changes. 
However, only about 25.3% of the farming households in Uganda were found to grow at least 
two (2) of the improved varieties developed by the Ugandan national bean breeding 
programme (Larochelle et al., 2013). The low adoption of improved bean varieties has been 
attributed to a number of factors ranging from; purported low adaptability of the varieties to 
the multi-stress conditions common in the farmers’ fields and failure of some of the varieties 
to meet the farmers’ selection criteria as well as the undeveloped seed system in the country 
(Barnett et al., 2011).  The production and supply of improved common bean seed are under 
farmers groups that market quality declared seed (Barnett et al., 2011)  
This study was conducted to contribute to the CCAFS program of the CGIAR which aims to 
to contribute to adaptation to immediate climate change related stresses by building on 
farmers’ functional coping strategies, and introducing novel technologies which can help 
improve on system resilience. This study hinged on the utilistation of genetic resources as a 
one of the coping mechanism farmers use to adapt to climate change by evaluating  the 
performance of a range of multiple stress tolerant improved bean genotypes under farm 
conditions through participatory approaches. The end results were anticipated to address 
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constraints of adaptability and increase diversity in farmers’ fields, an aspect desired for 
climate change resilience.  
1.3 Statement of the problem 
Conventional and modern breeding approaches have addressed a range of constraints such as 
diseases and drought that affect bean production (Beaver & Osorno, 2009). Yet performance 
of improved varieties under farm condition is still low (Abate, 2012; Beebe et al., 2011). 
Cecaralli (1994) suggests that the superiority of improved varieties recommended for wide or 
specific adaptation is mostly exhibited under favourable environments, hence under sub-
optimum conditions that dominate marginal environments, these superiorities are not 
expressed or are reduced.  
Differences in performance of developed varieties in different environments are attributed to 
influence of genotype–by-environment interaction in studies that are most often conducted 
under on-station conditions. There is scanty information on the effect of genotype-by-
environment interaction on agronomic performance for common bean under farm conditions.  
Worth still, improved varieties are challenged by slow adoption by farmers (Larochelle et al., 
2013). Farmers are getting more vulnerable to stresses influenced by varying weather 
conditions because the old released varieties are most dominant (Kalyebara & Buruchara, 
2008). A wide range of varieties that are more suitable to marginal conditions has been 
developed with limited participation of farmers during the breeding, selection and testing 
process. On-farm experiment was done to expose these new technologies to farmers for 
feedback on their preference and to foster farmer-researcher relationships in development of 
varieties that suites farmers needs. The preferences of farmers for bean varieties are beyond 
yield and yield stability (Gurmu, 2013; Aswafa et al., 2011). Their selection criteria are 
complex and vary from communities, households and gender groups (Soleri et al., 2000; 
Aswafa et al., 2011). It was not clear whether the selected varieties with potential of 
alleviating food security, meets the farmers preference in Uganda. The purpose of this study 
therefore was to contribute to selection of common bean varieties that are adapted to marginal 




1.4 Justification of the study 
Under sub-optimal conditions that are typical of farmer conditions, superior genotypes are 
not fully exploited because of the highly heterogeneous nature of the farm conditions. This 
calls for cultivar evaluation and selection under farm conditions if issues of adaptation are to 
be addressed. For effective recommendation of improved varieties, information on effects of 
genotype-by-environment interaction on agronomic performance under on-farm conditions is 
important. Knowledge on genotype-by-environment (G x E) interactions will help identify 
bean genotypes that are stable in performance and those that are adapted to specific 
environments. This would also help in characterisation of the study sites in to mega-
environments that would reduce breeding costs for the evaluation in multiple sites through 
use of representative sites. Furthermore, this would also help clarify on the biophysical 
constraints hindering bean production in these sites. 
Hoima and Rakai districts were identified as having contrasting climatic conditions 
(CGIAR/CCAFS, 2011). The sites were reported to be getting wetter and drier; the soils are 
highly degraded and declining in soil fertility (CGIAR/CCAFS, 2011). Farmers in these two 
districts have made a number of changes in their farming systems to adjust to the socio-
economic demand and climatic effects. They have adopted improved crop varieties and 
practices such as; intercropping, mixed farming, early land preparation and planting (Mubiru 
& Kristjanson, 2012; Kyazze & Kristjanson, 2011). They have also rejected new varieties and 
certain practices introduced by government and non-governmental agricultural organisations 
(Kyazze & Kristjanson, 2011). These would imply that, the farmers in Hoima and Rakai 
districts should be able to provide credible information to breeders.  
Several studies have demonstrated that farmers have better appraisal of their farm conditions, 
seasons and the adaptability of varieties to their farm condition at admirable ways, and hence 
can supplement breeding activities (Sperling & Berkowit, 1994; Ceccarelli, 1994; Cleveland 
& Soleri, 2002). Documenting farmer responses to the selected varieties was expected to 
exploit the indigenous knowledge of the farmers in the selection of bean varieties with traits 
that correspond to their preferences and adaptation to their farm conditions. Comparison of 
the breeder’s and farmers’ selection criteria in this case would guide breeding bean varieties 
that are farmer preferred and also in future selection of varieties by researchers suited with 
farmer preference during PVS. Overall, an outcome of this study would provide critical 
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information on strategic supply of adoptable and resilient technologies to farmers by the seed 
companies. 
1.5 Objectives 
1.5.1 Overall objective  
To contribute to selection of common bean varieties that are adapted to marginal environment 
conditions and are preferred by farmers.     
1.5.2 Specific objectives 
1. To determine the performance for agronomic traits of selected bean varieties in six 
multi-environment trial sites in Hoima and Rakai districts  
2. To compare the farmers’ and researchers’ criteria for selecting bean varieties 
1.6 Hypotheses 
1. The bean varieties currently under farmers possession have stable performance across 
multiple-environments  













2.1 Genetic Resource as a Coping Mechanism to Climate Variability  
Genetic resources en-campuses forest, agriculture, animal, aquaculture, and the micro-
organisms. They play valuable roles in food security, nutrition, livelihood improvement and 
provision of environmental services such as pollination by insects, carbon sequestration by 
trees, carbon sinks by aquaculture and recycling of carbon by the microbes. The diversity 
within the genetic resources is essential for their sustainability, resilience and adaptability to 
changing environmental conditions.  
Climate conditions of both surface and seas are reported to have changed; the increased 
temperature in the range of -1.0 to 2.0 °C in a number of countries from year of 1995 - 2006 
has been observed (IPCC, 2007). Increment in the global temperatures by 2°C or move above 
the late twentieth century temperature level, will likely have devastating effects on the staple 
food crops if no adaptation measures are taken in to account (IPCC, 2014).  
The variability in climate that involves fluctuation of the mean climate variables (temperature 
and precipitation) over the climate average has far great impacts on agriculture. This is 
anticipated to alter conditions for agricultural production globally with higher quantity on 
loss of arable land in Africa as compared to other contents. Projections of 10 – 20 million 
hectares of land suitable for double cropping and  of 5 – 10 million hectares of land suitable 
for triple cropping are likely to be lost  (Schmidhuber & Tubiello, 2007). Kurukulasuriya and 
Mendelsohn (2003), in their simulation predicted yield losses and gains of – 98 to +16 % 
depending on the crop type, region and climate scenario. Jarvis et al. (2008) in their study 
predicted that, 16 - 22 percent of species of crops peanut (Arachis), potato (Solanum) and 
Cowpea (Vigna)) may get extinct due to the changing climatic conditions. Disease 
distribution and severity will be influenced by the climate too; with fungal diseases for beans 
in particular being prevalent in areas with increased rainfall and low severity in areas of low 
rainfall (Beebe et al., 2011). 
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Plant genetic resources are the biological cornerstone of global food security (Jarvis et al., 
2010).  It forms a vital component for adaptation of crops to the changing climatic conditions 
(Jarvis et al., 2010). Landraces are the major source of food security for the small scale 
farmers. landraces have evolved over the natural and farmer mediated forces of selection. 
They (Landraces) are well adapted to the conditions geographical area where they are grown. 
Due to uncertainties in the magnitude of the change in climatic conditions, reduction in 
diversity of landraces may be realized under extreme conditions. The need for supply of 
farmers with new source of materials will be highly demanded in the future (Jarvis et al., 
2010). This calls for a need to maintain landraces and generation of improved varieties to 
prepare for uncertain climate conditions. Kurukulasuriya and Mendelsohn (2008) reported 
that in the changing climate, farmers are likely to adopt improved varieties that possess 
attributes such as heat  and drought tolerance that offer advantages to risks associated with 
climate change.            
Addressing climate change and variability through plant breeding is viewed as the best option 
(Haussmann et al., 2012; Beebe et al., 2011). Breeding programs are required to focus their 
breeding goals towards adaptation of crops to future climate scenarios. Evaluation and 
improvement of cultivars for phenotypic plasticity, wider adaptive traits variability (in a 
genetically heterozygous variety) and traits that directly confer tolerance or resistance to a 
biotic and biotic stresses will be necessary (Haussmann et al., 2012).  
Varieties with greater variability for adaptive traits would result in static yield stability due to 
individual plant differences on traits for overcoming stresses. These are observed in multi-
line, synthetic, open pollinated varieties (OPVs), three-way crosses, four-way, top crosses 
and varietal mixtures that show wide phenotypic variability. The increased diversity reduces 
vulnerability and increases resilience of food production systems to stresses influenced by 
climate change.  (Adams et al., 2003 cited in  Asfaw & Lipper, 2012) in their study found 
that alteration of varieties of sorghum and planting time was able to mitigate yield lost of 
sorghum from -48 to – 58% to natural to marginal positive once (zero to – 12%) during the 
drier and hotter summer month in Modena, Italy. Phenotypic plasticity would result in better 
yields in situation of favorable climatic conditions (Haussmann et al., 2012).  Adjustment on 
tillering in sorghum and millet (Haussmann et al., 2012), number of pods per plant in 
groundnut, water use efficiency are some of the traits attributes required for the adaptation to 
climate change.  
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Direct selections under natural conditions will be effective for the continued adaptation of 
plant genetic resources to the inter-annual variability. The resilience of the production 
systems would be preserved and result to continued contribution for long term adaption to 
climate change (Washington et al., 2006).  Conserving genetic resources in complex, diverse, 
risk-prone environments builds on natural and farmer selection, and helps to maintain a 
variety of genetic options that farmers can use as climates change become more variable 
(Jarvis et al., 2010). Farmers input in breeding will be important in effective priority setting, 
identification of parental materials, selection and testing and dissemination activities of 
improved genetic materials (Haussmann et al., 2012). 
2.2 Genetic diversity in beans  
In common beans (Phaseolus spp), great diversity in morphology (climbing to bush, seed 
colour and colour pattern) and adaptability (hot and cool environments) exist. The species 
Phaseolus acutifolia is tolerant to drought and hot conditions. Beebe (2015) in his 
communication reported that sources of heat tolerance for development of heat tolerant 
varieties have been obtained from species Phaseolus acutifolia. The specie Phaseolus 
vulgaris in particular is organized in Mesoamerican and Andean gene pool and further to 
races (Guatemala, Durango and Jalisco races of Mesoamerican and Nueva Granada, Peru, 
Chile of Andean gene pool) that characterized the path of domestication and post 
domestication (Broughton et al., 2003).   
There are over 29, 000 domesticated and 1300 wild accessions in the CIAT gene bank in Cali 
Columbia with approximately 5% used in the development of improved bean varieties 
(Broughton et al.,  2003).  This is a global collection made of landraces, breeding lines from 
international and national research programs and offers increase diversity and opportunity for 
obtaining the trait of interest for improvement of beans. The germplasm are evaluated for 
agronomic performance followed with hybridization to create new diversity (Baudoin, et al., 
2001). The diverse populations are narrowed during the breeding process till varieties are 
released through approaches that may include backcrossing, bulk, single plant selection at 
specific generations. 
In bean breeding, low soil fertility, drought tolerance and heat tolerance, disease and pest 
resistance/tolerance are key stresses that need to be addressed. Sources of resistance to 
common diseases and drought tolerance have been obtained from the various domesticated 
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species and the races within the species (Broughton et al., 2003). In Uganda, the national 
breeding program and CIAT-Kawanda are focusing on breeding to key constraints such as; 
diseases (common bacterial blight, anthracnose, root rot etc), pest (bean stem maggot and 
bruchid), drought and nutritional attributes. Promising lines from the breeding process have 
been tested in six agro-ecologies that were demarcated based on rainfall, cropping system and 
practices to determine yield stability. On-farm trials are conducted around the research station 
to determine cultivar supply of the farmers’ preferred traits. However, variability within agro-
ecologies has not been keenly addressed.  
2.3 Genotype by Environment (G x E) for agronomic performance 
Crop cultivares are grown in a wide range of environments. There performance in the 
different environments for an agronomic trait are the contribution of sum of the genotypic 
(G), environmental (E) and the G x E interaction effects. The genotypic and environmental 
effects forms the predictable portion of variation among genotypes in the different 
environments whereas G x E interaction are the less predictable. The genotype main effect 
provide significant information for breeding only when the G x E interaction effect is small 
(non-significant) or zero. This would imply that consistent performance of genotypes within 
environments and thus across environment genotypes means would be adequate in the 
recommendation. The genotypic effect is rendered less informative when there are large or 
significant G x E interaction effects. Bernardo (2010) proposed approaches of dealing with 
this that included; 1) ignore it by identification of superior genotypes based on across 
environment performance, 2) reduce the G x E effects through the partition of environments 
into mega-environments with greater similiarity in factors (soil types, temperature, 
precitattion, biotic and abiotic stresses) that affect growth and 3) exploit the effects by 
specific recommendation of genotypes to environments.    
G x E interaction is mostly predominant on complex quantitatively inherited traits. Yields 
trial in different environments for most crops have resulted in complex genotype-by-
environment interaction (Gauch 2006). Bernardo (2010) reported that the aspect of G x E are 
a result of different gene combinations responding to varying stresses levels in the different 
environments.  These result in reduced genotypic correlations for yields and other traits of 
improved varieties in farmers fields.  
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2.3.1 Approaches of Genotype by Environment (G x E) assessment  
Various approaches have been used for assessment of G x E interaction effects ranging from 
analysis of variance to complex covariance and regression analysis. Analysis of variance 
(ANOVA) provides a basic measure of adaptability while more complex approaches such as 
Finlay and Wilkinson is able to account for the dynamic response of varieties in different 
environments (Finlay & Wilkinson, 1963). Finlay and Wilkinson approach describes 
adaptability response of individual varieties in a range of environments and asses a 
population of varieties for adaptability and yield performance (Finlay & Wilkinson, 1963). 
Regression coefficient and mean performance across environments are relied on to 
characterise genotypes adaptability and stability. Regression coefficient (b) of 1.0 imply the 
genotype is stable over environments, b > 1.0, the genotype is adapted to favorable 
environments and b < 1.0, the genotype is adaptable to less favorable environments (Finlay & 
Wilkinson, 1963). Genotypes with the least mean square deviation from regression line are 
also described as stable in performance (Eberhart & Russell, 1966). Duarte & Zimmermann 
(1995) in their study found significant correlation of regression coefficients from Finlay and 
Wilkinson to other stability measures proposed by Roemer (1917), Eberhert and Russell 
(1966), Langer et al. (1979) and Siva and Barreto (1985).  
Multivariate analysis approaches are able to eliminate error (noise) in the data pattern, 
summaries and reveal structures within the data set (Purchase et al., 2002). The AMMI 
approach combines the analysis of variance of genotype and environment main effects with 
the principle component analysis (IPCA). It enables understanding of complex G x E 
interactions for selection of genotypes adapted to wide or specific environments (Guach, 
2013). The G x E components are assessed through Interactive Principle Component Analysis 
to give relative contribution of genotypes and environments to observed total variation. 
Genotypes with positive Interactive Principle Component Analysis 1 (IPCA 1) display 
positive G x E interaction, negative IPCA 1 display negative G x E interaction and those with 
close to zero IPCA 1 are characteristed as stable across environments (Yan et al., 2007). 
 AMMI stability value (ASV) is used in the rankings of genotypes in AMMI.  Purchase et al. 
(2002) found ASV superior to other stability measures as proposed by; Shukla (1972), Lin 
and Binns (1988), Finlay and Wilkinson (1963), Eberhart and Russell (1966) in wheat 
cultivar recommendation. Although, the use of regression model was recommended if its’ 
used in combination with Multivariate analysis approach.  
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GGE biplots cluster environments in mega-environments with their associated superior 
genotypes (‘‘What won where’’ situation), identifies ideal environment and genotype and 
provides for correlations among environments and genotypes (McDermott & Coe, 2012; Yan 
et al., 2007). Additive main effect and multiplicative interaction (AMMI)  is suitable for the 
stability analysis (Yan et al., 2007).  
2.3.2 G x E effect on agronomic traits in common bean 
Assessment of G x E effects in common bean studies have used methods such as; analysis of 
variance (Gurmu, 2013; Messia et al., 2012; Kanyenga-Lubobo et al., 2012;), mean square 
deviation from regression line of Eberhert and Russell (Musaana et al., 2015;  Khalifa et al., 
2013), AMMI (Chataika, et al., 2010; Mwale et al., 2008) and Minimum yield deviation 
(Carbonell et al., 2004). The studies show large variation in environments as a factor of great 
influences on performance of genotypes for seed weight (Chataika, et al., 2010; Mwale et al., 
2008), number of pods per plant and yield (Musaana et al., 2015). Environments are 
characterised by unique weather, biotic, soil chemical and physical characteristics with the 
associated interactions.  
The influence of G x E interaction in common bean has been observed significant for yield 
(Gurmu, 2013; Khalifa et al., 2013; Chataika, et al., 2010; Mwale et al., 2008), number of 
pods and seed yield (Musaana et al., 2015; Casquero et al., 2006). Other studies have 
reported non-significant environment and G x E interaction for yield due to greater similiarity 
in the environments (accounting for 0.75% of total treatment sum of squares) (Bucheyeki & 
Mmbaga, 2013). The influence of G x E interactions have been attributed to differences in; 
rainfall amounts (Khalifa et al., 2012; Chataika, et al., 2010; Messia et al., 2012; Mwale et 
al.,  2008), altitude elevations (Messia et al., 2012) and temperature  (Carbonell et al., 2004; 
Khalifa et al., 2013). Thus,  considering a trait, the best genotype in one environment may not 
necessarily be the best in the other environment as variability in the rankings of genotypes 
can be obtained between and within agro-ecological zones (Mwale et al.,  2008; Casquero et 
al., 2006; Messia et al., 2012 ).  
In regard to temperature,  the optimum temperature for the growth of common bean is in the 
range of 17.5°C - 23.1°C (Beebe et al., 2012). At early flowering stage, too high temperatures 
cause flower bud, flower and pod abortion, reduced pollen viability, impaired pollen tube 
formation and reduced seed size (Porch & Jahn, 2001; Hall, 2004). Greater responsiveness of 
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(regression coefficient (b) range of 1.0 - 1.4) on some common bean genotypes were 
observed for sowing dates oriented to high temperature genotype evaluation (Khalifa et al., 
2012). Tepary beans (P. Acutifolia) are less sensitive to night temperatures of 18 º C – 19 º C 
compared to the other species (Beebe, 2015).   
Common bean requires 300 – 500 mm of rainfall during its growth cycle (FAO, 2013). Over 
60% of the bean growing areas records lesser than 300 mm of rainfall (Beebe et al., 2011). 
The influence of drought is depended on the growth stage with greater influence at flowering 
and pod filling stage (Manjeru, 2007). Limited soil mositure (lesser than 50 – 60%) at 
flowering and pod filling stage are reported to result in low seed yield in different 
environments (Chataika et al., 2010; Mwale et al., 2008).  Water stress before flowering in 
soya bean is reported to cause ovule impairment that results in reduced podding and hence 
yield (Kokubun et al., 2001). In common bean reduction in biomass, number of pods 
produced, seed yield and 100 seed weight occurs with the response to drought was dependent 
on the genotype (Lopez-Salinas et al., 2011). 
2.3.3 G x E effects on common bean diseases 
The development of disease and their spread in the field is dependent on; environment, the 
pathogen virulence and the susceptibility of the host to the disease  (Agrios, 1936). The 
interaction of the three components contributes to the differences in response of genotypes in 
specific environments. Resistant genotypes are less affected by G x E interaction as compared 
to susceptible genotypes based on study conducted with Fusarium head blight in wheat 
(Bernardo, 2010).  
In common bean, varying levels of resistance in the different environments for angular leaf-
spot, rust and common bacterial blight can be associated to race difference and levels of 
pathogenicity (Aggarwal et al., 2004; Ddamulira et al., 2014; Arunga et al., 2012; Mutlu et 
al., 2008;  Fourie & Herselman, 2011). Twelve (12) pathotypes for angular leafspot pathogen 
(Psuedocerospora griseola) have been identified in Uganda (Ddamulira et al., 2014) with 
more virulence to the reference variety (CAL143) compared to isolates in other countries 
(Malawi, Tanzania and Zambia) (Aggarwal et al., 2004). For bean rust, nine pathogen races 
were identified with high virulence to the Andean gene pool compared to the Meso-amerian 
gene pool genotypes (Arunga et al., 2012).  For common bacterial blight, the pathogens 
Xanthomonas Campestris pv. Phaseoli in Africa were virulent to genotypes of Andean and 
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Middle American gene pool whereas those from western world show specificity of virulence 
to the two gene pools (Mutlu et al., 2008;  Fourie & Herselman, 2011).    
Moisture and high relative humidity favour development and spread of diseases depending on 
temperature. For instance, at warm temperature in the range of 16 0C - 28 0C favour 
development of angular leafspot (Allorent & Savary, 2005), 18 0C - 29 0C favour 
development of bean rust (Schwartz, Steadman, & Harveson, 2010) and 25 0C   - 35 0C 
favours development of common bacterial blight (Zhang et al., 2012). Environment differ in 
influence to bean diseases severity (rust, angular leafspot and common bacterial blight seed 
weight)  due to differences in rainfall distribution (Musaana et al., 2015). Greater influence of 
G x E interaction have been observed on angular leafspot compared to common bacterial 
blight  (Messia et al., 2012; Musaana et al., 2015). Seasons with high rainfall register higher 
angular leafspot and common bacterial blight (Messia et al., 2012). 
The loss in yield caused in different environments for bean rust are dependent on the varietal 
level of resistance, location and seasons (Assefa, 1994), as well as strain for of the pathogen 
for angular leafspot (Celetti et al., 2006). Yield loss associated with common bacterial blight 
are 26 – 62 % in common bean in Ugnada (Allen et al., 1996). For bean rust and angular 
leafspot yield losses of 85 – 30% has been reported depending on the resistance levels 
(Assefa, 1994). 
2.4 Farmer acceptability of bean technologies 
Generally, the acceptability of bean variety is highly dependent on the supply of the traits 
preferred by farmers. In Africa, greater adoption of improved bean varieties released in the 
1980s and 90s can be attributed to farmer preference taken care off (Barnett et al., 2011; 
Katungi et al., 2009;  Kalyebara & Buruchara, 2008). Case of Uganda K132 and K131 the 
most popular varieties (Barnett et al., 2011; Kalyebara & Buruchara, 2008; Kalyebara., 
2005), are preferred due to their high yields, market demand, better taste, high grain density 
and drought tolerance (David et al., 1998).  
The selection criteria of farmers for improved varieties vary among communities and 
households (Soleri et al., 2000; Asfaw et al., 2011). These has been observed in the selection 
by farmers, genotypes that are adaptable and farmer preferred in the within and between 
populations in different locations (Soleri et al., 2000; Aswaf et al., 2006; Sperling & 
Berkowitz, 1994). Geographical land scape and weather (temperature) are also factors that 
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detect farmers selection for instance farmers have adopted crops or crop combinations 
according to their required environmental conditions in regard to temperature and 
precipitation requirement; maize and beans, maize and groundnuts, and maize are grown in 
moderately warm regions, and cowpea, cowpea and sorghum, and millet and groundnut are 
grown in hot regions (Kurukulasuriya and Mendelsohn, 2008).     
In common bean array of traits are reported to constitute farmers varietal selection criteria; 13 
traits where identified in Rwanda (Sperling & Berkowitz, 1994), and 33 attributes in Ethiopia 
(Asfaw et al., 2011). Farmers were reported to show higher preference for seed colour, seed 
size, drought tolerance, disease and pest resistance relative to yield (Gurmu, 2013). Based on 
colour, common bean are classified into; pur reds, medium and small reds and red mottled, 
purple, yellow and tans, cream, navy/white and black (Wortmann et al., 1998). Bright mottle 
coloured beans is an important attribute prefered by farmers (Asfaw et al., 2011). 50% of the 
common bean grown in East Africa are of red and red mottle coloure (Wortman et al., 1998), 
due to the market preference (Katungi et al., 2009).  The black colured seeds are rejected due 
to unattractive coloure and the low market demande (Asfaw et al., 2011). With size, large 
seeded bean genotypes are prefered by farmers (Asfaw et al., 2011; Mukankusi, 2008). 
Predominance of genotypes of andean gene pool (> 40g for 100-seed weight) could be 
reflection for preference for the large seeded beans in Africa (Baudoin et al., 2001).  
Varietal adaptation to seasonal variability also form farmers selection criteria (Bucheyeki & 
Mmbaga, 2013; Asfwa et al., 2011). Landraces are percieved as adaptable by farmers to their 
farm conditions (Asfaw et al., 2011), thus by use of their intrinic knowledge of their farm 
conditions and seasons they are able to judge varieties that can perform well under their farm 
conditions (Sperling & Berkowitz, 1994). Assessment approaches for adaption used by 
farmers being reported included; aggressivenes of varieties in varietal mixture, performance 
in poor and fertilie soils (Sperling & Berkowitz, 1994). Regarding maturity period, early 
maturity varieties are mostly prefered for food security and they are percieved as drought 
tolerant (Asfaw et al., 2011).  
Culinary traits are other factors that influence farmers adoption. Females farmers compared 
to men show high preference for beans that are fast-to-cook, swell, attractive, non-flatulent 
and of desired taste (Asfaw et al., 2011). Subjective assessment of these traits has limited 
breeders ability to evaluate for the traits during the breeding process. 
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2.2 Participatory Crop Improvement (PCI)  
Conventional approaches have generated numerous improved cultivars with much benefit 
under favorable environments (Cleveland & Soleri, 2002; Ceccarelli, 1994). However, these 
varieties have been reported to be less adapted to marginal environments (farmers’ fields) 
(Ceccarelli, 1994). In Uganda, the average yields of improved bean varieties are reported to 
range from 550 - 950 kg/ha under farm conditions compared to expected yields of 2000 – 
4000 Kg/ha (FAO, 2013; Abate, 2012).  
Participatory plant breeding (PPB) and participatory varietal selection (PVS) are two broad 
categories of participatory crop improvement (PCI), advocated for in addressing the 
challenges of marginal environments (Ashby & Lilja, 2004; Cleveland & Soleri, 2002). 
Farmers participate in the selection of advanced or released varieties in the case of PVS while 
in PPB, farmers make selection from segreating poplations. The approaches improve 
breeding efficience since the cultivars selected are mostly farmer preferred and leads to 
increased adoption and biodiversity in farmers fields (Ashby & Lilja, 2004; Stirling & 
Witcombe, 2004).   
PVS is a more cost-effective approach if the varieties supplied suites the choices of farmers 
(Witcombe et al., 1996).  Therefore, for a successful PVS process prior evaluation of 
farmers’ preference is required followed by search for cultivars that meets the criteria 
(Stirling & Witcombe, 2004). Farmers participate in the selection of varieties that fit their 
farming conditions, cropping systems and preference. The process builds on farmers’ 
knowledge of local environmental constraints, plant genetic resource, their own capability 
and preference (Ashby & Lilja, 2004). Stirling & Witcombe, (2004), reported the process as 
the most effective way for identification of breeding goals and wide adoption of improved 
varieties due to the networks formed among farmers.  
Cases where PVS has been implemented with success are quite many. In Rwanda, Uganda, 
Kenya and Malawi, the successful adoption of varieties released in the 1990s’ are attributed 
to farmers participation (Weltzien et al., 2003). In Uganda, K132, K131 and NABE 2 
released in the 90s’ still share a wider popularity compared to the newly released varieties 
(Kalyebara & Buruchara, 2008). Adoption of NASPOT 1, a sweetpotato variety in Uganda, 
was also an effort through PVS (Gibson et al., 2008); in Ghana, farmers identified six upland 
rice lines that were adapted to their farm conditions in 1999 - 2000 (Craufurd et al., 2000); 
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NERICA rice was identified throught PVS in West African countries  (Weltzien et al., 2003;  
Dalton & Guei, 2003); identifiation of ‘‘Okashana 1’’ a early maturing pearl millet by 
farmers in Namibia (Weltzien et al., 1996). Successful releas of farmers selected genotypes 
as varieties in the formal release process has been reported for farmers selection of Ghana 
(Craufurd et al., 2000) and Namibia (Weltzien et al., 1996).  
PVS may lead to PPB through utilization of the parents chosen by farmers in the breeding 
programs (Stirling & Witcombe, 2004). The weaknesses of farmers preferred cultivars are 
identified during PVS process and attempt are made during PPB eliminate those weaknesses 
(Stirling & Witcombe, 2004). The process results in cultivars that are preferred by farmers 
and well adapted to farm conditions (Stirling & Witcombe, 2004). Cases where PPB has been 
carried out with success include sweet-potato breeding in Uganda  (Gibson et al., 2008), 
maize breeding in India (Witcombe et al., 2003), selection of chilling tolerant rice from F5 
bulk families in Nepal, cassava and beans in Latin America  (Witcombe et al., 2005).  
Both approaches (PPB & PVS) have contributed significantly to adaptation of improved 
varieties to farm conditions. However, due to costs associated with PPB, PVS has been 
widely used. Though breeders are required to be informed of the farming conditions and 
market preference in cases where PVS are use, so that farmers concentrate on quality and 
local adaptation attributes.   
2.5 Varietal Preference Analysis 
Varietal preference analysis reveals important information about traits farmers value as well 
as their initial impressions of new varieties (Ntare & Ndjeunga, 2009). Approaches used in 
varietal assessment include rating traits preference and varietal rankings/voting. 
Voting/ranking are simple, fast and easy for use by illiterate farmers. The approach is able to 
generate quantitative and list of desired and undesired attributes for the varieties, though the 
approach is ineffective for postharvest traits evaluation (Ntare & Ndjeunga, 2009). To 
breeders this approach is useful when handling large number of genotypes or experiments are 
conducted in many environments (Ntare & Ndjeunga, 2009) and more so reflects varietal 
adoption (Aswfa et al., 2011). Summarisation of the quantitative data is done by calculation 
of preference index based positive votes only and both positive and negative votes (Ntare & 





PERFORMANCE FOR AGRONOMIC TRAITS OF SELECTED BEAN VARIETIES IN 
SIX MULTI-ENVIRONMENT TRIAL SITES IN HOIMA AND RAKAI DISTRICTS  
3.1 Introduction 
G x E interaction is the change in the relative performance of genotypes for a character in two 
or more environments. The unique difference in the phenotypic expression of the traits of 
different genotypes in the environments are attributed to the variation in the response to 
elements that affect plant growth. Bernardo (2010) reported genotypes respond to soil 
properties, rainfall, temperature, day length or the overall quality of the environment. These 
may result in change in the relative ranks of genotypes within environments or rather scale 
effect interaction. The informations are valuable to breeders/breeding programs in the 
recommendation of varieties for specific or broad adaptation.   
Uganda is largely aggregated in to seven agro-ecological zones based on rainfall pattern, 
altitudes and the major crops grown in the zones (FAO 1999). Common bean breeders are 
required to breed for varieties that can adapt to these wide range of environments. 
Approaches such as analysis of variance, Finlay and Wilkinson, AMMI and GGE are used to 
aid in the recommendation of improved varieties to these wide range of environments.  
Purchase et al. (2002) in their study recommended the use of regression methods in 
combination with Multivariate analysis approach so that one can get the benefit of both 
approaches. Finlay and Wilkinson, a regession approach describes adaptability response of 
individual varieties in a range of environments whereas AMMI and GGE in addition 
improves on the dataset visualization (Gauch 2013).  
Recent assessment of the effects of G x E interaction on the performance of improved bean 
varieties for various agronomic traits in bean growing countries have reported mostly 
significant contribution of G x E interaction influence on the trait expression. There are 
limited body of information on assessment of improved varieties under farm conditions. Yet 
the performance of improved varieties under farm conditions are still low. On-farm 
environments are different from on-station conditions. The conditions are characterised by 
erratic rainfall, low soil fertility, biotic stresses and poor crop management. For breeding that 
would address these conditions, selection under on-farm will be paramount.  
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Climate Change, Agriculture and Food Security (CCAFS) programme identified Hoima and 
Rakai as sites with contrasting climatic conditions that are representative of other locations in 
Uganda. Based on CCAFS goals of identification and testing genetic resource for adaptation 
to anticipated change in climate, this study was designed to determine the performance of 
selected multi-stress tolerant bean varieties that have potential to alleviate poverty and food 
security in these sites on-farm.  
3.2 Materials and Methodology 
3.2.1 Materials 
Fifteen common bean varieties with varying traits were evaluated in the present study. The 
varieties included three semi-climbers and 12 growth type I bean genotypes (bush/erect 
growth habit). Two landraces, termed ‘‘farmers’ seed’’ namely, ‘‘Kaduuli’’ and Masindi 
Yellow Long, that are well adapted to the growing conditions of the two districts and 
preferred by the farmers were included as farmers’ checks (Table 1). 
Six (6) improved bean varieties released in Uganda were used in the study. Each exhibits 
different attributes; NABE 2 was released in 1995 with attributes of drought tolerance and 
resistance to bean common mosaic virus disease (PABRA Database, 2014, Table 1). NABE 2 
is small seeded and matures in 80 days. NABE 14 was released in 2006, it is of medium seed 
size and also matures in 80 days (PABRA database, 2014). This variety is recommended for 
cultivation in areas that receive excessive rainfall because it is tolerant to bean root rot. The 
most recently released bush bean type varieties used in the study included NABE 15, NABE 
21 and NABE 17. Variety NABE 15 was released in 2010 as resistant to bean anthracnose 
and matures early in 60 days (Table 1), and the latter trait enables it to escape drought. 
Variety NABE 21 and NABE 17 were released in 2012 and 2010, respectively, the varieties 
were bred for resistance to bean anthracnose, bean common mosaic virus, angular leaf spot 
and other diseases (Table 1). They are also tolerant to drought due to their early maturity of 
58 days. Variety CAL 96 was released in 1994 as K132 and was used as a susceptible local 
check in this study. This variety is resistant to common bacterial blight (CBB), bean common 
mosaic virus (BCMV), bean anthracnose and ascochyta. It matures in 80 days (PABRA 
database, 2014).     
Four improved bean varieties released in Kenya were also included in this study. Variety 
KATX 56 was released in 1995 for drought tolerance, KAT B9 released in 1998 for heat and 
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drought tolerance and KAT B1 released in 1987 for early maturity (PABRA database, 2014). 
Lastly variety KATX 69 is able to escapt drought due to the early maturity attributes. The 
variety matures in 60 – 65 days.  
One variety each from Malawi and DRC were also evaluated. These are CAL143 released in 
Malawi in 1996 with  resistance to angular leafspot and drought; ROBA 1 released in 
Tanzania, DRC and Ethiopia as a bio-fortified (high iron content), high yielding and multi-
stress tolerance variety; and RWR 719  released in Rwanda in 2003 and Ethiopia in the 90’s 
with resistance to root rots and is high yielding. This variety is also commonly used as a 
breeding parent in Uganda (PABRA database, 2014).   
Table 1: Names, source and key attributes of fifteen bean varieties evaluated under mother 
and baby trials during the seasons of 2013A and 2013B in Hoima and Rakai districts 
Codes 
Variety Traits Source Market Class  
G1 NABE 15 Anthracnose resistant, early maturing Uganda  Sugar bean 
G2 NABE 2 (MCM 1015) Drought tolerance and BCMV resistant Uganda  Small black  
G3 Farmer seed (Land race) 
Average in performance for grain yield 
under farmer conditions Uganda  Medium red mottled 
G4 RWR 719 Multiple disease tolerant Rwanda  Small red 
G5 Masindi Yellow Long 
Medium seed size, yellow colour and 
good taste preferred by farmers, and it is 
also average in performance for grain 
yield under farmer condition Uganda  Yellow medium 
G6 NABE 17 Multi-constraint tolerant Uganda  Red mottled medium 
G7 ROBA 1 High Fe, Multiple disease tolerant PABRA Small Khaki 
G8 KATX56 Drought, early maturing Kenya Large red kidney 
G9 KAT B1 Drought, early maturing Kenya Yellow medium 
G10 KAT B9 Drought, early maturing Kenya Medium red round 
G11 KATX 69 Drought, early maturing Kenya Large red mottled long 
G12 NABE 14 (RWR 2075) Root rot resistant Uganda Large red kidney 
G13 CAL143 CBB and BCMV resistant Malawi Large red mottled 
G14 CAL96 (K132) CBB & BCMV resistant Uganda  Large red mottled 
G15 NABE 21 Multi-constraint tolerant Uganda  Large Sugar bean 







The experiment was setup in nine (9) farms in nine villages. In Rakai district the trials were 
set up in the villages of Ninzi, Kalagala, Kyengeza and Gosola and in Hoima in the villages 
of Mpalangasi, Kyakamese, Kakira/Ngobi, Butyamba and Butimba in first rain season of 
2013 (2013A) and second rain season (2013B) during the months of April to June and August 
to December, respectively. At each trial, a split plot design was used with two fertiliser levels 
(50Kg/ha of DAP and 0 Kg/ha DAP) as main-plot factor and the 15 bean varieties 
randomised in each of the two replications in subplots of 3 x 2 m2. The varieties were planted 
at a spacing of 50 x 10 cm. However, due to inadequate land, a trials in Kyengeza and  
Kalagala village in Rakai district and  Kakira/Ngobi village found in Hoima district were not 
replicated in 2013A and 2013B and so these sites were not used in the analysis of the trials 
presented in this thesis. 
The study was also conducted with the participation of farmers at all stages, which included 
field identification, land preparation, planting of the trial and the trial management with 
weeding done twice per growing cycle. The farmer group members were assigned specific 
plots to be managed by the group leaders.   
3.2.4 Data Collection    
At podding (R8), data were taken on disease severities (angular leaf spot, anthracnose, rust, 
floral leaf spot, CBB, BCMV and Bean common mosaic necrotic virus disease; BCMNV), 
plant height, leaf area, plant vigour (scale of 1 – 5 of CIAT). While at harvest, data were 
taken on plant stand at harvest (total stand/plot), pod number per plant (average number of 
pods from ten randomly selected plants/plot), total seed weight/plot and clean seed 
weight/plot after the removal of the shrivelled and diseased seeds. Plant height was measured 
from the base of the plant to the last node. Measurements of plant height and number of pods 
per plant were obtained from five randomly selected plants per plot.  Disease severity for all 






Table 2: Rating scale used for the scoring of all diseases on 15 bean genotypes in seasons of 
2013A and 2013B in the villages of Hoima and Rakai District. 
Rating Description 
1  No noticeable symptoms of the disease on the tissues evaluated 
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Presence of a few necrotic spots covering about 2% of the leaf surface area or the pods 
 
5 
 Presence of necrotic spots covering 5% of the leaf surface area or the pods. 
7 Presence of necrotic spots covering 10% of the leaf surface area or the pods 
9 
 
25% or more of the leaf surface area or pods are covered with large areas of necrotic 
tissues fused together 
 
Data on total and clean seed weight from the  trials were standardised to kilogram per hectare 
as showed below; 
Total or clean seed weight per hectare (Kg/Ha) =  
Weight in grams per plot * plot area in meters squared 
           1000                             10,000       
3.2.5 Data Analysis   
Data collected were entered and edited in Microsoft Excel software and the analysis was done 
using Breeding View (The Breeding Management System Version 3.0.0) (2015). During the 
analysis each village was taken as separate environments, with the combined means averaged 
over fertiliser and seasons. Means generated from the individual sites (single site analysis 
done with breeding view; BV) were analysed based on AMMI (Additive Main effect and 
Multiplicative Interaction), GGE (genotype main effect, genotype-by-environment) and 
Finlay and Wilkinson Models. For diseases, Finlay and Wilkinson and AMMI approach was 
used for the three diseases (angular leafspot, bean rust and bean common bacterial blight), 
number of pods per plant and clean seed weight. In addition, GGE was used in characterising 
clean seed weight of the 15 bean varieties. Analysis of GGE was not done for severity of the 
three diseases and number of pods per plant because the six environments were characterised 





The models used for Finlay and Wilkinson, GGE and AMMI are as described below.    
Model for Finlay and Wilkinson  
Yik = M + Gi + Ek + bVk 
GGE and AMMI model 
Model 1: Yik– M – VK = Gi + (G × E)ik,  
Model 2: Yik - M – Vk- Gi = (G × E)ik 
b = slop of jth variety over environments  
Yik (Average response) = Average yield response of i
th genotype in the kth  environment 
M = Overall mean of the clean seed response 
Gi = the effect of i
th variety  
E k= the effect of k
th environment 
G x E ik = Specific response of i
th variety in kth environment  
Assumption; The plot to plot error in each environment approximate, normal distribution 










3.3 Results  
3.3.2 Genotype-by-Environment interaction effects on severity of angular leafspot 
disease (ALS)  
Varieties NABE 2 and CAL143 were consistently observed to have low severity scores for 
angular leafspot in the six villages/plots assessed (Sensitive value = 0.65 & 0.8 msd = 0.03 & 
0.02; Table 4). Similarly, genotypes KAT B9 and KATX 56 exhibited higher levels of ALS 
(Sensitive value (b) = 0.77 & 0.80 msd = 0.08 & 0.08; Table 4).  
In contrast, the reaction of varieties Masindi Yellow Long, NABE 21, NABE 17 and RWR 
719 depended on the location (village/plot). High ALS scores were observed for these 
varieties under high ALS pressure in Ninzi compared to under low ALS pressure in 
Kyakamese. While, low ALS scores were observed on ROBA 1 under high and low ALS 
pressure conditions compared to Masindi Yellow Long. Generally, high disease was observed 
on varieties (NABE 21, NABE 17 and CAL96) under high disease pressure in Ninzi village 
(sensitivity (b) > 1.0; Table 4).  
Variety NAB21 and landrace (Farmer seed) showed a stable severity scores of 3.1 across the 
environments (b = 1.08 and b = 0.95; Table 4) while varieties CAL96, ROBA 1 and NABE 
14 were the least consistent in their reaction to ALS in the six environments due to the large 
mean square deviations they obtained (Table 4).   
Table 3: Mean square for the reaction of 15 bean varieties to three key diseases and clean 
seed weight in six environments, in 2013A and 2013B under two fertiliser levels 
Source d.f. ALS Bean rust CBB NPP CW 
Genotypes 14 1.42*** 1.94*** 1.00*** 34.67*** 428937*** 
Environments 5 2.21*** 2.25*** 2.09*** 54.11*** 2405987*** 
Sensitivities (ƅ) 14 0.10ns 0.50*** 0.11ns 1.36ns 46978ns 
Residual 56 0.09 0.07 0.1 1.37 50342 
Total 89 0.42 0.55 0.35 9.57 241707 
Where ns not significant P≥0.05 * significant at P≤0.05, ** significant at P≤0.01 and *** 
significant at P≤0.001, ALS = Angular leafspot, CBB = Common Bacterial Blight, NPP = 






Table 4: Sensitivity value, mean severity scores, mean square deviation from regression line 
for reaction of 15 bean varieties to angular leafspot in six environments, and over two 
fertiliser levels and seasons of 2013A and 2013B. 
Varieties Sensitivity (b) Mean Mean square Deviation 
NABE 14  0.45 2.2 0.14 
NABE 2  0.65 2.0 0.03 
KAT B1 0.72 3.6 0.15 
NABE 15 0.75 2.6 0.13 
KAT B9 0.77 3.4 0.08 
CAL143 0.80 2.1 0.02 
KATX56 0.80 3.2 0.08 
KATX 69 0.83 2.9 0.17 
Farmer seed 0.95 3.1 0.11 
NABE 21 1.08 2.8 0.02 
NABE 17 1.18 2.8 0.08 
CAL96 (K132) 1.20 2.8 0.11 
ROBA 1 1.32 2.4 0.10 
Masindi Yellow long 1.39 3.1 0.05 
RWR 719 1.98 2.2 0.05 
Standard error of difference 0.36 0.13 
  
A bi-plot of reaction of the varieties across environment was generated in AMMI (Figure 1). 
The results showed that the IPCA 1 of the bi-plot was significant (P≤0.001) and explained 
43.72% of the total genotype-by-village interaction (Table 5 and Figure 1). The Interactive 
Principle Component Analysis 1 (IPCA 1) being one of the dimensions that provides the best 
view of the data set. The analysis revealed a consistently high severity of ALS (severity (sev) 
> 2.75) for varieties KATX 56, CAL 96 and NABE 21 in all the villages while varieties 
CAL143, and NABE 2 had consistently low ALS (sev score < 2.75; Figure 1). The rankings 
of the varieties in the six villages showed that varieties KAT B1, KAT B9, KATX 56, and 
KATX 69 recorded highest severity scores in Mpalangasi, Kyakamese and Gosola village 
(Figure 1). Similarly, Masindi Yellow Long and Farmers’ seed had high disease severity 
score in Butyamba and Gosola village, respectively (Figure 1). Varieties ‘Farmers’ seed’ and 
Masindi Yellow Long also exhibited high disease scores in Butimba while landrace Masindi 
Yellow Long and variety NABE 17 in Ninzi village also registered higher severity scores 
(Figure 1).  
Varieties NABE 14, NABE 2, CAL143 and RWR 719 consistently showed low disease 
scores in all the villages where they were grown (Figure 1). While varieties ROBA 1 and 
NABE 15 had low disease scores only in Mpalangasi and Ninzi village (Figure 1).  
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Table 5:  Combined analysis of variance for performance of 15 bean varieties assessed for 
agronomic traits and reaction to key bean diseases in Rakai and Hoima District 
Source d.f. ALS Bean rust CBB NPP CW 
Variety 14 1.42*** 1.94*** 1.00*** 34.7*** 428937.0*** 
Environment 5 2.21*** 2.25*** 2.09*** 54.1*** 2405987.0*** 
Interactions 70 0.1 0.16 0.1 1.4 49669.0 
 IPCA 1  18 0.16*** 0.43*** 0.15* 2.4*** 116182.0*** 
 IPCA 2  16 0.09ns 0.10** 0.11ns 1.6* 47030.0*** 
 Residuals  36 0.06 0.04 0.07 0.8 17585 
Error  336 0.41 0.36 0.55 8.57 2.17x10^5 
Where ns not significant P≥0.05 * significant at P≤0.05, ** significant at P≤0.01 and *** 
significant at P≤0.001, ALS = Angular leafspot, CBB = Common Bacterial Blight, NPP = 
Number of pods per plant, CW = Clean seed weight 
  
Figure 1: AMMI bi-plot for reaction of 15 bean varieties to ALS in four environments in 
Hoima and two environments in Rakai district, in 2013A and 2013B.  
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3.3.2 Genotype-by-environment interaction effects on bean rust severity  
Significant differences (P≤0.001) were observed in severity to rust among varieties evaluated 
(Table 3). Varieties ROBA 1, CAL 96, NABE 14, NABE 2, RWR 719, CAL 143 and NABE 
17 showed the least disease scores (Table 6). These varieties showed comparatively low bean 
rust severity even under high disease pressure observed at Mpalangasi village (Table 6 and 
Figure 8).  
In contrast, the Katumani varieties, NABE 15 and the landraces (Masindi Yellow Long and 
Farmers’ seed) exhibited high bean rust disease severity scores (Table 6). These varieties 
were consistently susceptible both under low and high diseased pressure environments of 
Ninzi and Mpalangasi respectively (Table 6 and Figure 8).  
KATX 69 and Farmers’ seed showed the most stable severity scores of 2.5 scores across the 
six environments (b = 1.07 and b = 0.77; Table 6) while KAT B9 and CAL96 showed the 
least consistence in their reaction in the six environments (msd = 0.12 and msd = 0.14; Table 
6).   
Table 6: Mean severity score, mean square deviation from regression line for reaction of 15 
bean varieties to bean rust in six environments, and over two fertiliser levels and seasons 
Varieties Sensitivity Mean Mean Square deviation 
 ROBA 1 0.20 1.18 0.07 
 CAL96  0.23 1.87 0.14 
 NABE 14  0.37 1.90 0.05 
 NABE 2  0.39 1.28 0.03 
 RWR 719 0.40 1.38 0.01 
 NABE 21 0.43 2.00 0.05 
 CAL143 0.43 1.75 0.04 
 NABE 17 0.62 1.85 0.06 
 Farmer seed 0.77 2.37 0.05 
 KATX 69 1.07 2.45 0.15 
 Masindi Yellow long 1.30 2.55 0.06 
 NABE 15 1.49 2.03 0.00 
 KATX56 1.65 2.32 0.04 
 KAT B9 2.47 2.90 0.07 
 KAT B1 2.86 3.17 0.12 




The AMMI bi-plot showed a significant (P≤0.001, Table 5) PCA 1 that explained 70.95% of 
the total variation (Figure 2). In general low intensity of bean rust was recorded in all the 
villages under study (Figure 2).  
Varieties KATX 69, Farmers’ seed and Masindi Yellow Long all had high mean rust scores 
and were located close to the IPCA 1 score of zero (Figure 2). Similarly variety KAT B1, 
KAT B9, KATX 69 and Masindi Yellow Long exhibited high rust score in Mpalangasi, 
Butimba, Butyamba and Kyakamese village (Figure 2) while KATX 69, Farmers’ seed, 
Masindi Yellow Long and NABE 14 recorded high scores in Ninzi village. Varieties KAT 
B1, Masindi Yellow Long, KAT B9 and CAL 96 only had high rust scores in Gosola village 
(Figure 2).   
In contrast, ROBA 1, NABE 2 and RWR 719 registered the least mean bean rust severity in 
all the six villages (Figure 2). While CAL 143 had low scores in Mpalangasi and Kyakamese 
village,; NABE 15 in Ninzi and Gosola; CAL 96 in Butyamba, and ; NABE 14 in Butimba 




Figure 2: AMMI bi-plot for reaction of 15 bean varieties to bean rust in four environments in 
Hoima and two environments in Rakai district, in 2013A and 2013B 
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3.3.3 Genotype-by-environment interaction effects on severity of common bacterial 
blight severity  
No significant (P=0.05) differences were found in sensitivity (FW) to CBB among varieties 
(Table 3). Varieties KATX 56, NABE 14, KAT B9, ROBA 1, NABE 17, NABE 2 and 
NABE 21 recorded consistently low severity in the six environments (sensitivity values <1.0, 
Table 7). In contrast, the land races (Masindi Yellow Long, Farmers’ seed) and KAT B1 
reaction to the disease were dependent on CBB pressure in the location (sensitivity values (b) 
= 1.60 & 1.51 msd = 0.06 & 0.07, Table 7). These varieties showed high CBB disease 
severity in environments of Butimba and Ninzi village with highest average CBB severity. 
Varieties RWR 719, CAL 143, CAL96 and KATX 69 also had similar reaction though with 
lower severity (Table 7).   
However, NABE 21 and NABE 15 showed the most stable severity scores of 2.65 across the 
six environments (b = 0.88 and 1.04; Table 7) while varieties KATX 56, KAT B9 and RWR 
719 showed the most inconsistent reaction across the six environments (b>or >1.0; Table 7). 
Table 7: Mean severity scores, mean square deviation from regression line for reaction of 15 
bean varieties to common bacterial blight in six environments, and over two fertiliser levels 
and seasons of 2013A and 2013B. 
Varieties Sensitivity Mean MS deviation 
 KATX56 0.38 2.87 0.13 
 NABE 14  0.47 2.33 0.09 
 KAT B9 0.54 2.65 0.15 
 ROBA 1 0.68 2.43 0.08 
 NABE 17 0.73 2.92 0.08 
 NABE 2  0.88 2.35 0.05 
 NABE 21 0.88 2.65 0.21 
 NABE 15 1.04 2.60 0.11 
 KAT B1 1.08 3.32 0.07 
 KATX 69 1.14 2.88 0.06 
 CAL96  1.15 2.53 0.07 
 CAL143 1.42 2.50 0.03 
 RWR 719 1.48 2.30 0.11 
 Farmer seed 1.51 3.23 0.07 
 Masindi Yellow long 1.60 3.72 0.06 
Standard error of difference 0.38 0.13 




The AMMI bi-plot showed a significant (P≤0.05) PCA 1 that explained 38.15% of the total 
variation (Table 5). Varieties KAT B1 and KATX 69 registered consistently above average  
severity in all the environments (severity >2.7) while varieties CAL96, CAL143, NABE 14 
and KAT B9 registered below average severity (severity < 2.7, Figure 3). The rankings of the 
varieties in the respective environments, varieties Masindi Yellow Long, Farmers’ seed and 
KAT B1 had high mean severity scores in all the six environments (Figure 3). Varieties 
NABE 21 in Butimba village; KATX 56 in Gosola and Mpalangasi village, and varieties 
NABE 17 in Ninzi, Butyamba and Kyakamese village also registered high mean severity 
scores (Figure 3).  
In contrast, varieties NABE 14, ROBA 1, RWR 719 and NABE 2 in Butimba, Butyamba and 
Gosola village had low mean CBB severity scores (Figure 3). Varieties RWR 719 and NABE 
2 in Kyakamese and Mpalangasi village; CAL 143 and CAL 96 in Kyakamese; CAL 143 and 
NABE 14 in Mpalangasi, and NABE 21, KATX 56, NABE 2 and KAT B9 in Ninzi village 
also scored low CBB severity (Figure 3).   
 
Figure 3: AMMI bi-plot for reaction of 15 bean varieties to common bacterial blight in four 




3.3.4 Genotype-by-environment interaction effects on number of pods per plant  
There was significant (P<0.001) genotypic difference in the number of pods per plant across 
environments (Table 3). There (varieties) sensitivity values were also found highly significant 
according for 1.5% of the total genotypic and environment variation (Table 3). Varieties NABE 
15 and CAL143 registered the most stable number of pods per plant across the six environments. 
These varieties registered consistently approximately 8 pods per plant within the six trial 
environments (b = 1.0; Table 8). Varieties NABE 2, ROBA 1, RWR 719 and KAT B1 were the 
least stable in number of pods per plant in the six environments. The number of pods per plant 
for varieties   NABE 2, ROBA 1 and RWR 719  were the most dependented on the environment 
(msd = 1.777 to 6.01; Table 8). These varieties (NABE 2, ROBA 1 and RWR 719) registered 
their highest number of number of pods in favourable environments of Kyakamese and Butimba 
and their least number of pods in the least favourable environment of   Ninzi village (b>1; Table 
8). In addition, varieties NABE 17, KATX 56, Farmers seed, NABE 21KATX 69 and NABE 14 
were also unstable in their number of pods per plant (b>1.0 and b<1.0; Table 8).  
Table 8: Sensitivity value, mean number of pods per plant, mean square deviation from 
regression line for number of pods of 15 bean varieties in six environments, and over two 
fertiliser levels and seasons, in 2013A and 2013B. 
Varieties Sensitivity Mean Mean square deviation (msd) 
  Farmer seed 0.75 7.57 0.26 
  NABE 21 0.75 7.08 0.68 
  KATX 69 0.76 7.20 0.78 
  NABE 14 (RWR 2075) 0.77 6.78 0.72 
  KAT B1 0.82 7.08 1.78 
  Masindi Yellow long 0.82 8.38 0.59 
  CAL96 (K132) 0.83 7.52 0.19 
  KAT B9 0.91 7.08 1.55 
  CAL143 0.96 7.73 0.75 
  NABE 15 1.00 7.37 0.41 
  KATX56 1.05 8.63 0.77 
  RWR 719 1.15 12.75 6.01 
  NABE 17 1.28 8.52 0.53 
  ROBA 1 1.45 12.43 1.60 
  NABE 2 (MCM 1015) 1.67 14.28 2.56 




There was significant IPCA 1 of the AMMI bi-plot observed that explained 45.40% of the total 
GxE interaction (p≤0.001, Table 5). Varieties RWR 719, ROBA 1, NABE 2 had high number of 
pods per plant in Kyakamese, Butimba, Mpalangasi, Butyamba and Ninzi village (Figure 4). 
High number of pods per plant were also registered by Masindi Yellow Long in Ninzi and 
Butimba; NABE 17 in Butyamba and Mpalangasi; KATX 56 in Kyakamese, and Varieties 
NABE 2, ROBA 1, KATX 56 and KAT B1 in Gosola village (Figure 4). 
In contrast varieties KAT B1, KAT B9, NABE 21 and NABE 14 had low number of pods per 
plant in Butyamba and Butimba village (Figure 4). Varieties KAT B1, KATX 69, NABE 14 had 
also the least number of pods per plant in Mpalangasi and Kyakamese; KAT B9 in Mpalangasi; 
NABE 21 in Kyakamese. Varieties KAT B9, NABE 21, KAT B1 and NABE 15 in Ninzi, and 
varieties NABE 14, NABE 15, CAL96 and CAL143 in Gosola village also recorded the least 




Figure 4: AMMI bi-plot for number of pods per plant on 15 bean varieties averaged over two 
fertilizer levels and seasons (in 2013A and 2013B) in four environments in Hoima and two 




3.3.5 Genotype-by-environment interaction effects on clean seed weight  
No significant (P≥0.05) differences were observed in sensitivity (b) among varieties for clean 
seed weight in the six environments (Table 3). The clean seed weight observed can be explained 
by about 36.5% of the sum of genotypic and environmental effects (Table 3). Clean seed weight 
of varieties ROBA 1, NABE 17 and Masindi Yellow Long were dependent on the environment 
(b = 1.616 & 1.246, mean square deviation (msd) = 9341.0 and 2223.0; Table 9). These varieties 
recorded highest clean seed weight in Kyakamese village and the least in low yielding 
environment (Ninzi village). However, variety CAL143 was less dependent on environments 
(sensitivity values = 0.877, msd = 9248.0, and Table 9).   
Landrace Masindi Yellow Long and variety CAL 96 were stable in clean seed weight 
performance across the six environments as showed by sensitivity value of 1.0  while varieties 
RWR 719, NABE 2, NABE 14 were the least stable in clean seed weight across the six 
environments due to sensitivity values of above or below 1.0 and their large mean square 
deviation from the regression line (Table 9).  
Table 9: Sensitivity value, mean clean seed weight, mean square deviation from regression line 
for clean seed weight of 15 bean varieties in six environments, and over two fertiliser levels and 
seasons, in 2013A and 2013B 
 
 Varieties Sensitivity Mean Mean square deviation  
1)  NABE 14  0.663 1101.0 133556.0 
2)  KAT B9 0.725 547.0 35856.0 
3)  NABE 21 0.728 746.0 30194.0 
4)  NABE 15 0.806 1048.0 30552.0 
5)  CAL143 0.877 1172.0 9248.0 
6)  KATX56 0.949 966.0 50448.0 
7)  KATX 69 0.963 1064.0 22548.0 
8)  CAL96 (K132) 0.998 1124.0 47001.0 
9)  Masindi Yellow long 1.003 1286.0 4386.0 
10)  KAT B1 1.004 795.0 57701.0 
11)  Farmer seed 1.083 1006.0 15704.0 
12)  NABE 2  1.114 1405.0 167382.0 
13)  RWR 719 1.217 1415.0 88644.0 
14)  NABE 17 1.246 1216.0 2223.0 
15)  ROBA 1 1.616 1548.0 9341.0 
 




Based on AMMI for stability analysis, there was significant IPCA 1 that explained 60.15% of the 
total genotype-by-village interaction (Table 5). Significant genotypic difference was observed 
for clean seed weight averaged over seasons, fertiliser levels and villages (Table 5).  Varieties 
CAL143, NABE 17 and Masindi Yellow Long consistently produced more than 1,100 kg/ha of 
clean seed weight in all the six environments. These varieties had scores located closes to PCA 1 
score of zero (Figure 5).  Varieties ROBA 1 and RWR 719 produce high clean seed weight in 
Kyakamese, Mpalangasi, Butyamba and Butimba village (Figure 5). While variety NABE 2 
produce high clean seed yields in Mpalangasi and Kyakamese, and NABE 14 in Mpalangasi 
village (Figure 5). Similarly, varieties ROBA 1 and CAL96 in Gosola and NABE 14 and RWR 
719 had high clean seed yields in Ninzi village (Figure 5).  
In contrast, varieties KAT B9, KAT B1 and NABE 21 had low clean seed weight in Ninzi, 
Mpalangasi and Kyakamese village, and NABE 14, KAT B9, NABE 21 and NABE 2 in Gosola 
village. Similarly, Farmers’ seed and KATX 56 produced low clean seed in Mpalangasi and 
Kyakamese, respectively (Figure 5). Low productivity was obtained for variety KAT B9, NABE 
21 and KAT B1 in Butyamba and Butimba village. Similarly KATX 56 and NABE 14 produced 
low yields in Butyamba and Butimba, respectively (Figure 5).  
Based on GGE bi-plot on genotype scaling, PCA 1 of the bi-plot explained 77.05% of the total 
genotype and genotype-by-village interaction effects (P≤0.001, Figure 6). The analysis identified 
two mega-villages that included mega-village 1 with villages of Butimba, Butyamba and 
Kyakamese village found in Hoima district and Gosola village found in Rakai district and mega-
village 2 with villages of Ninzi and Mpalangasi found in Rakai and Hoima district respectively 
Figure 6).  
ROBA 1 and NABE 2 were superior in mega-environment 1 (beast performers) and genotype 
NABE 2 and NABE 14 were the best performing genotypes with regards to clean seed weight in 
mega-environment 2 (Figure 6). However, ROBA 1 out-yielded NABE 2 in mega-environment 1 
in Butyamba and Kyakamese village. In contrast, KAT B9, KAT B1 and NABE 21 produced the 




Figure 5: AMMI bi-plot for clean seed weight of 15 bean varieties averaged over two seasons of 





Figure 6: GGE bi-plot for clean seed weight of 15 bean genotypes averaged over two fertiliser 
levels and seasons (in 2013A and 2013B) in four environments in Hoima and two environments 






Differences among environments for clean seed weight were observed with higher clean seed 
weight being recorded in Kyakamese (Hoima district) and Gosola village (Rakai district) and the 
least clean seed weight in Ninzi village (Rakai district). The low clean seed weight of 500 kg/ha 
recorded in Ninzi village is similar to the average performance of beans yields in Uganda at farm 
levels of 550 kg/ha (Abate, 2012). Similar results for clean seed weight were obtained under on-
farm conditions in Uganda (Sebuwufu et al., 2011). The low clean seed yield could be due to the 
relatively low rainfall received (lesser than 100 mm in 2013A and 300 mm in 2013B) compared 
to 300 – 500 mm required for adequate common bean growth (FAO, 2013), as well as the high 
disease pressure for angular leafspot (severity score = 3.4) and common bacterial blight (severity 
score = 3.1). Similarly, the fertility of the soils in Ninzi village area was lower (8.56 P mg/kg, 
4.3% organic matter) relative to other locations a factor which could have contributed to the low 
seed weight recoreded.  
However, the high clean seed weight in Gosola village (1449.0 Kg/ha) that experienced 
relatively similar rainfall like Ninzi village could be due to low bean rust severity, higher fertility 
and the well distributed rainfall (110.1mm in October and 156mm in November) during podding 
and pod filling stage in 2013B which are the most critical growth stage in bean production 
(Manjeru et al., 2007). In the high clean seed weight environment Kyakamese (1600 kg/ha), 
there was adequate rainfall (320 – 420 mm), low disease pressure and high number of pods per 
plant and thus their effects could be the cause for the high clean seed weight recorded. The 
fertility of soil in the village was also high (20.02 P mg/kg and 10.1% organic matter) compared 
to other sites.   
The influence of genotype-by-environment was smaller for diseases and number of pods per 
plant compared to the main effects (variety and environment). The small G x E interaction effect 
on diseases and number of pods per plant implied greater similarity in performance of varieties 
in the different environments.  Thus recommendation of the varieties for reaction to diseases and 
number of pods per plant may be based on performance across environments. 
Varieties RWR 719, ROBA 1, CAL 143 and NABE 2 that appeared least sensitive to the three 
diseases could be recommended for growing in the villages of Ninzi, Gosola, Butimba and 
Gosola. These areas had higher prevalence of angular leafspot and CBB.  These varieties showed 
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low severity in the majority of the environments and were deliberately bred for multiple disease 
resistance (PABRA database, 2012). The high disease severity registered on the Katumani and 
farmers’ preferred genotypes (Masindi Yellow Long and Farmers seed) suggest a low resistance 
background to the key diseases. The Katumani bean genotypes were bred for drought tolerance 
(PABRA database, 2012). It is probabble that the high susceptibility of the Katumani bean 
genotypes (KAT B9, KAT B1, KATX 56, KATX 69) contributed to the low clean seed weight 
observed on varieties KAT B1 and KAT B9. Although, the low seed weight for KAT B9 were 
attributed to low quality seed in 2013A, both varieties could as well be poorly adapted to 
Ugandan conditions since they registered low seed weight in 2013A and 2013B. Similar results 
were found by Messia et al. (2012) where superior genotypes bred by CIAT under highland 
conditions did not perform well under lowland environments.     
Varieties ROBA 1 and NABE 2 can be recommended for adoption in the mega-environment 
composed of Gosola, Butimba, Butyamba and Kyakamese. Similarly NABE 2 and NABE 14 can 
be adopted in the mega-environment composed of Mpalangasi and Ninzi village. Delineation of 
environments into mega-environments enables exploitation for broad adaptation (Gauch, 2013).   
With regards to clean seed yield, varieties NABE 2, RWR 719, NABE 14, ROBA1 and NABE 
17 were highly responsive to environment differences despite being high yielding. These 
varieties are, therefore, better suited for specific favourable environments (Malosetti & Eeuwijk, 
2013; McDermott & Coe, 2012; Finlay & Wilkinson, 1963). The higher clean seed weight of 
ROBA 1, NABE 2 and RWR 719 could be attributed to the high podding ability, resistance to 
major diseases and plant height. Their semi-climbing tendency provided multiple nodes and 
branches, thus greater podding potential. For this variety it was also possible to achieve high 
plant densities which partly contributed to the high clean seed weight (relations between density 
and seed weight; r= 0.93, n = 14). 
Varieties Masindi Yellow Long, NABE 17 and CAL 143 produce consistent amounts of clean 
seed weight over environments. This variety (CAL 143) was previously reported to be unstable 
for seed weight in different agro-ecologies in Malawi (Chataika, et al., 2010).  The stability of 
these varieties in Uganda especially Masindi Yellow Long is beneficial since they are among 
those most preferred by the farmers’ (Kalyebara et al., 2003). Nevertheless, variety Masindi 




COMPARISION OF RESEARCHERS’ AND FARMERS PREFERENCES OF 
BEAN VARIETIES 
4.1 Introduction  
Trials set on-farm offer opportunity not only for obtaining performance informance but also for 
promotion of developed technologies. Researchers get feedback on the technologies availed to 
aid in further improvement or development of new technologies. Farmers have demonstrated a 
wealth of knowledge in the selection and domestication of crop species prior to the formal 
conventional plant breeding era. They have adapted crop species and  crop combinations 
according to their climatic requirements (cooler, moderate and hot climate) (Kurukulasiya and 
Mendesohn, 2007). Crop combinations such as farmers select maize – beans, maize-groundnuts, 
and maize are adopted in moderately warm regions while cowpea, cowpea – sorghum, and millet 
– groundnut combinations are adopted in the hot regions (Kurukulasiya and Mendesohn, 2007).     
Common bean genotypes grown in Africa are mostly of bush type (Andean gene pool) (Katungi 
et al., 2009). Majority of them are large seeded, a trait most preferred by farmers due to their 
high market demand. The climbing beans (Mesoamerican) are mostly grown in highland areas of 
Burundi, Rwanda, Democratic Republic of Congo and to a lesser extent in the highlands of 
Uganda, Ethiopia, Kenya and Malawi (Katungi et al., 2009). Thus, the domestication and 
perpetuation of Phaseolus vulgaris in Africa is attributed primarily to seed size besides other 
factors such as production cost, geographical landscape and market (Katungi et al., 2009).      
Growing improved bean varieties has generally resulted in increased bean production in most 
countries where they have been utilised (Xavery et al., 2005). In Uganda, bean varieties that 
were released in the 1980s’ and 90s’ have been widely adopted (Katungi et al., 2009; Kalyebara 
& Buruchara, 2008; Xavery et al., 2005) with K132 and K131 being the most popular bean 
varieties (Kalyebara & Buruchara, 2008). However, K132 and K131 were released in the mid 
1990’s and to date many more varieties with higher yield potential have been released but have 
not been widely adopted. The low adoption is attributed to low preference, adaptability and in 




Participatory variety selection (PVS) is among the approaches that increases variety adoption and 
allows the inclusion of farmers criteria in variety selection processes. Farmers knowledge of 
local constraints, genetic resource and social preference are utilized in selection and fitting of 
released or advanced breeding lines to their farm conditions.  Many successful PVS have been 
documented in relation to adoption of common bean varieties in Rwanda, Uganda, Kenya and 
Malawi (Weltzien et al., 2003), Rice selection in Ghana (Craufurd et al., 2000) and in West 
Africa (Weltzien et al., 2003; Dalton and Guei 2003); and identifiation of pearl millet by farmers 
in Namibia (Bidinger 1998). Witcombe et al. (1996) reported that improved varieties that are 
farmer prefered and are adapted to farm conditions exist, only that famers have had no access to 
them. Thus, the focus of this study was to compare researcher and farmer rankings of selected 
improved bean varieties  to enhance breeding and adoption of new improved varieties.  
4.2 Materials and Methods 
4.2.1 Participatory Variety Selection 
The bean varieties as well as trials are the same as those used in addressing the objectives of 
chapter 3 (Table 1). A total of 358 farmers participated in the trials; 39 male and 56 females from 
Rakai while in Hoima district 104 males and 159 females were used (disaggregation by village 
are as presented in Table 10). These farmers were involved in assessment of the bean varieties at 
podding and harvesting stages in both seasons of the year 2013. Farmers’ were oriented on the 
activities to be done especially on the use of the selection preference cards. Farmers’ were then 
given four distinct coloured cards with both male and female participants given two different 
coloured cards for rejection (the worst, blue for men and yellow for women) and acceptance 
(most desired, green for men and pink for women) of the bean varieties. For each of the distinct 
coloured cards, three cards were given (total of 6 cards) to all the farmers to vote under zero (0 
kg) DAP fertiliser block and another six cards given to vote under DAP fertiliser block, as 
described in chapter three, sub-section 3.2.2. Voting was done mostly on the blocks at the 
extreme ends to avoid confusion of the farmers’ during the voting process and also voting in a 
block was completed first by all participants before the next block.  
Focus group discussions were conduceted at the end of the voting sessions to understand the 
selection criteria used by the farmers in the voting of the genotypes as rejected or accepted. Men 
and women were interviewed separately. Records on the responses of the farmers were taken and 
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also frequencies of both accepted (+) and rejected (-) votes were entered in excel for each 
varieties from all the locations in both seasons.  
Table 10: Number of farmers that participated in the participatory variety selection (PVS) in 
seasons 2013A and B at the nine mother trials in Hoima and Rakai districts 
District Sub-county Village Number participants 
Hoima Kyabagambire Kyakamese 42 
Hoima Kyabagambire Mpalangasi 57 
Hoima Kyabagambire Kikira/Ngobya 43 
Hoima Kiziranfumbi Butimba 37 
Hoima Kiziranfumbi Butyamba 84 
 
Rakai Lwanda Gosola 32 
Rakai Lwanda Kwewayo 14 
Rakai Kasaali Kalagala 14 
Rakai Kasaali Ninzi 36 
4.2.2 Data Analysis 
Farmer evaluation 
Analysis of the votes of the farmers was done using SPSS Software 16th edition based. The 
preferred genotypes were coded as 1 and the rejected ones coded as 0 for both the male and 
female participants. Cross tabulation analysis from the descriptive statistics was used to obtain 
frequencies of the votes for rejected and accepted per variety. These were done separately for 
each district while comparing the voting of the males to that of the females. The preference index 
(PI) was obtained for each bean variety voted by the males and females in the two districts using 
the formula described by Ntare & Ndjeunga ( 2009) as: 
 
PI = (Number of positive votes – number of negative votes) x 100 
           Total number of positive and negative votes cast 
 
Researcher Evaluation 
In the case of researcher evaluation, the biological data such as bean diseases, agronomic traits 
and the yield component collected were standardised based on the standard deviation derived 
from the variance among the entry means of the genotypes across location and seasons for that 
particular trait. For some diseases like bean anthracnose, representative locations were used to 
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avoid effects of low severities obtained within some villages on average means across locations 
and seasons. The weights of the traits were obtained through a preliminary survey administered 
to individuals participating in the bean breeding programme. These were modified to carter for 
the extent of variability in a trait, relative yield loss the disease caused and how correlated the 
traits were to each other. A total of 15 traits contributed to the selection index of the researcher.  
Researchers’ selection index = w1T1 + w2T2 + w3T3 + …………… + wnTn  
Where: Coefficient w1, w2, w3 …..wn= Weights assigned to 1
st trait, 2nd trait, 3rd trait of the 
different diseases and agronomic traits and T1, T2, T3, …..Tn = researcher traits selection criteria 
such as the different diseases and the agronomic traits (Bernardo, 2010). 
The relationship between the rankings of the genotypes by the researcher and those by the 
farmers were done by comparing the rankings of the farmers based on the farmers’ preference 
index and the selection index created by the researcher displayed as a matrix.  Correlation 
between the rankings of the researcher and those of the farmers’ were done to determine the 
strength of the relationship and the extent of the association.   
The relationship was further explored through the Spearman’s rank correlation based on the 
formula: 
rs = 1 – 6 £b 1 + -- i 2/ n (n2 – 1) 
Where; rs = Spearman rank correlation between the researcher and the farmers’ rankings. 
£b1 -- i 2 = Summation of the squared difference in the rankings of the researcher to the farmers 
for 1 to the ith variety. 








4.3.1 Ranking of the varieties by the researchers 
In the evaluation by researchers, varieties RWR 719, NABE 2, NABE 14 and ROBA 1 were 
ranked among the best genotypes based on traits measurement values of each trait averaged 
across villages, seasons and fertiliser levels (Table 11). The varieties that ranked the best showed 
good performance for a majority of agronomic traits and were also resistant to a majority of 
diseases, as reflected in weight scores of above mean of zero standard units (Table 11). Among 
the agronomic traits, 100 seed weight and leaf area contributed the least weight to the selection 
index for varieties RWR 719, NABE 2 and ROBA 1 as showed by weights scores being below 
mean score of zero standard units (Table 11). In addition, bean anthracnose and floral leafspot 
also contributed the least weight to selection index of ROBA 1 as showed by the negative weight 
scores that resulted from high susceptibility showed (Table 11). Variety NABE 14 recorded least 
number of pods and was susceptible to bean common mosaic virus disease as showed by the 
negative weight scores observed (Table 11).   
The worst genotypes in the selection were varieties KAT B1, Masindi Yellow Long, KAT B9 
and Farmers’ seed (Table 11). The varieties succumbed to all the diseases and were poor for a 
majority of agronomic traits as showed by weight scores of below zero standard units (Table 11). 
However, these varieties showed fairly good weights for 100 seeds and especially Masindi 
Yellow Long recorded clean seed weight similar to RWR 719 and NABE 2 as showed by weight 
values above zero standard units (Table 11).  
The other varieties showed intermediate rankings from 5 to 11. It is worthwhile noting that 
NABE 21 was most resistant to floral leafspot with a weight score 3.1 units above the mean. 
KATX 69 also showed better resistance to bean anthracnose relative to other diseases. NABE 17 
showed fairly good resistance to bean rust and web blight disease and KATX 56 also web blight 
disease (Table 11).                                                      .
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Table 11: Weights and selection indices for 15 traits evaluated on 15 bean varieties by researchers across locations and seasons 
Variety Plt std PV LA PH PNH CW 
100 
SW Rust ALSL ANTP FLS WB CBB BCMV SI R 
RWR 719 0.63 2.36 -1.00 1.96 0.84 5.97 -0.85 3.64 4.02 5.15 1.31 3.59 4.02 2.52 34.16 1 
NABE 2 0.34 2.26 -0.54 2.42 1.16 5.77 -0.97 4.03 3.31 6.07 0.95 0.27 3.31 0.34 28.73 2 
 NABE 14  0.47 2.65 2.49 0.38 -0.40 0.09 0.38 0.86 3.49 3.78 2.12 1.01 3.49 -0.26 20.53 3 
 ROBA 1 0.74 1.98 -1.07 2.05 0.78 8.45 -0.94 4.70 2.77 -3.54 -2.10 2.49 2.77 0.95 20.05 4 
CAL143 0.20 2.28 1.72 -0.36 -0.20 1.42 0.20 1.62 2.06 4.70 2.82 0.46 2.06 -1.22 17.75 5 
 CAL96 (K132) -0.01 0.53 0.11 -0.13 -0.25 0.53 0.54 1.07 1.89 1.49 1.32 0.27 1.89 -1.35 7.91 6 
 KATX 69 -0.22 -0.62 0.07 -0.37 -0.31 -0.59 0.46 -1.99 -1.32 2.87 -1.63 1.19 -1.32 -0.62 -4.40 7 
 NABE 15 0.13 -1.29 -0.60 -0.70 -0.28 -0.90 0.18 0.17 1.35 -3.54 -0.02 -2.31 1.35 1.67 -4.78 8 
 NABE 21 -0.67 -1.00 0.35 -0.15 -0.34 -6.55 0.04 0.30 1.00 -1.71 3.06 -1.39 1.00 0.22 -5.86 9 
 NABE 17 0.32 -0.33 -1.01 1.47 -0.03 2.25 0.43 1.28 -1.39 -7.65 -0.35 -1.15 -1.39 1.67 -5.90 10 
 KATX56 -0.57 -0.67 -0.56 -1.18 -0.01 -2.43 0.12 -1.35 -0.96 0.12 -0.22 1.38 -0.96 -0.14 -7.44 11 
 Farmer seed -0.15 -0.99 0.34 -0.58 -0.24 -1.68 0.12 -1.59 -4.07 -0.79 -0.69 -2.09 -4.07 0.97 -15.52 12 
 KAT B9 -0.91 -3.79 -0.43 -2.84 -0.33 -10.26 0.06 -4.43 0.98 0.12 -0.26 1.84 0.98 -4.84 -24.11 13 
 Masindi Yellow  0.27 -0.23 -0.28 0.20 -0.06 3.55 0.09 -2.47 -8.25 -4.45 -4.21 -3.24 -8.25 1.19 -26.15 14 
 KAT B1 -0.56 -3.14 0.42 -2.16 -0.33 -5.63 0.13 -5.83 -4.87 -2.62 -2.10 -2.31 -4.87 -1.10 -35.00 15 
                 Trait weights 0.5 2.0 1.0 1.5 0.5 5.0 0.5 3.0 3.8 4.0 2.0 2.0 3.2 5.0     
-Plt std = plant stand/Ha, PV = Plant vigour, LA = Leaf area, PH = Plant height, PNH = Pod number at harvest, CW = Clean seed weight, 
100 SW = 100 seed weight,  
-ALSL = Angular leaf spot, ANTP = Anthracnose on the pods, FLS = Floral leaf spot, WB = Webblight, CBB = Common bacterial 
blight, BCMV = Bean common mosaic virus,  
-SI = Selection index, R = Ranks 
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4.3.2 Ranking of the varieties by the Farmers 
Based on the vote counts of farmers for varieties summed up over seasons and fertiliser 
levels, with reference to preference index (PI), varieties Masindi Yellow Long, KAT B1 and 
Farmers’ seed were ranked the best by both male and female farmers’ in Hoima and by male 
farmers in Rakai district (Table 12). However, farmers’ seed was ranked among the least by 
female farmers of Rakai district (Table 12). Variety KATX 56 was ranked number one and 
four by female farmers of Rakai and Hoima district as it registered higher positive votes 
relative to negative votes (Table 12). Variety KATX 69 was ranked third and fourth by 
farmers of Hoima district (Table 12).   
The lowest rankings of varieties were registered on varieties RWR 719, NABE 2 and ROBA 
1 by female and male farmers of Hoima and Rakai district (Table 12). Varieties KAT B9, 
NABE 21 and NABE 14 also were ranked among the least genotypes by female and male 
farmers’ of Hoima district (Table 12). Varieties NABE 14 and CAL 143 were also ranked the 
least by female farmers of Rakai district (Table 12).   
However based on percentage of positive or negative votes within gender types in the two 
districts, varieties Masindi Yellow Long, KAT B1 and Farmers’ seed received highest 
proportion of positive votes compared to other varieties in the selection of male and female 
farmers of Hoima and Rakai district (Table 12). Other varieties with good rating were KATX 
56 and KATX 69 in Hoima and varieties NABE 17 and KATX 56 in selection of females in 
Rakai district (Table 12). In terms of negative votes, varieties RWR 719, NABE 2 and ROBA 
1 received the highest percentage of negative votes relative to other varieties under the 
selection of both genders in the two districts (Table 12). Other varieties that registered higher 
negative votes relative to other varieties were KAT B9 in Hoima, and CAL 143 by female 
selection in Rakai district (Table 12). Actually, KAT B9 received zero positive votes in 
Hoima district from male farmers in both season A and season B (Table 12). 
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Table 12: Votes for rejection and acceptance by the male and female farmers of Hoima and Rakai District 
 Variety 
Districts     
Hoima Rakai     
Female Male Female Male     
+Votes -Vote PI R +Votes -Votes PI R +Votes -Votes PI R +Votes -Vote PI R PI AC R 
Masindi Yellow  95 10 81 1 95 4 91.9 1 42 10 61.5 3 25 3 78.6 1 78.3 1 
KAT B1 51 29 27.5 5 44 18 41.9 3 38 9 61.7 2 20 3 73.9 2 51.3 2 
Farmers' seed 73 8 80.2 2 40 13 50.9 2 19 24 -11.6 9 25 5 66.7 3 46.6 3 
KAT X 56 53 23 39.5 4 45 26 26.8 7 35 1 94.4 1 16 14 6.7 11 41.9 4 
KATX 69 51 12 61.9 3 43 18 41 4 13 7 30 7 4 4 0 12 33.2 5 
NABE 17 27 38 -16.9 9 26 11 40.5 5 28 7 60 4 9 4 38.5 5 30.5 6 
NABE 15 43 30 17.8 6 26 14 30 6 24 16 20 8 18 8 38.5 6 26.6 7 
CAL 96 13 16 -10.3 8 17 14 9.7 8 12 18 -20 10 11 4 46.7 4 6.5 8 
NABE 21 18 33 -29.4 12 6 17 -47.8 12 15 7 36.4 6 14 11 12 8 -7.2 9 
CAL 143 44 33 14.3 7 19 22 -7.3 9 2 38 -90 15 12 10 9.1 10 -18.5 10 
KAT B9 9 83 -80.4 15 0 73 -100 15 16 4 60 5 8 6 14.3 7 -26.5 11 
ROBA 1 41 58 -17.2 10 32 55 -26.4 11 14 35 -42.9 11 7 25 -56.3 13 -35.7 12 
NABE 14 14 25 -28.2 11 5 29 -70.6 13 2 24 -84.6 14 5 4 11.1 9 -43.1 13 
RWR 719 29 73 -43.1 13 28 35 -11.1 10 12 50 -61.3 13 3 39 -85.7 15 -50.3 14 
NABE 2 14 100 -75.4 14 10 61 -71.8 14 10 40 -60 12 8 37 -64.4 14 -67.9 15 
Total 575 571     436 410     282 290     185 177         
+Votes = accepted genotype, -Votes = rejected genotype, R = Ranks of the genotype, PI = preference index, PI AC = Preferrence index across  
gender groups and districts 
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4.3.3 Relationship in the ranking of the bean varieties by the farmers and researchers’  
There were moderate negative and significant correlations in most cases between researchers’ 
and farmers’ ranking of varieties. Correlation between researcher and farmers’ rankings were 
r= -0.45ns (between researcher and female farmers) and r= 0.55* (between researcher and 
male farmers) in Hoima district and correlation values of r= -0.65** (between researcher and 
male farmers) and r= -0.64** (between researcher and female farmers) in Rakai district 
(Table not showed). The negative correlations indicated lack of coincidence in the rankings 
of varieties between the researcher and the farmers. Varieties RWR 719, NABE 2, NABE 14, 
ROBA 1 and CAL143 were ranked as the best by the researcher while Masindi Yellow Long, 
KAT B1 and Farmers’ seed were ranked as the best by the male and female farmers in Hoima 
and the males of Rakai district (Table 13 and 14).  
However, there were some similarities in farmer and research rankings, e.g., rankings of 
varieties KATX 69 (7th rank) and NABE 15 (8th rank) by female farmers and varieties  
KATX 56 (11th rank) by male farmers of Rakai were similar as the ranking of the researcher 
(Table 13 & Table 14). Other genotypes that registered close rankings were varieties NABE 
17 (10, 9), KAT B9 (13, 15), NABE 21 (9, 12), CAL96 (6, 8), CAL143 (5, 7) and   NABE 15 
(8, 6) in the researcher and female farmers’ of Hoima rankings respectively (Table 13). 
Varieties KAT B9 (13, 15), CAL96 (6, 8) and NABE 15 (8, 6) also showed close ranking 
with researcher and male farmers of Hoima district (Table 13). Close rankings were 
registered for genotypes Farmers’ seed (12, 9), NABE 21 (9, 6) and CAL96 (6, 10) for the 
selection made by researcher and female farmers’ of Rakai district (Table 14). For the 
researcher and male farmers’, the close rankings of the varieties were also obtained on 
varieties NABE 21 (9, 8), CAL96 (6, 4), and KATX 69 (7, 12) (Table 14). 
 
It is worth while noting that the rankings of female and male farmers of Rakai district were 
fairly similar (r=0.41ns) compared to rankings by the Hoima district farmers (r=0.07ns, Table 
13 and 14). Farmer preferred genotypes Masindi Yellow Long (1st rank), Farmers’ seed (2nd 
rank) and varieties NABE 15 (6th rank), CAL 96 (8th rank), NABE 21 (12th rank), NABE 2 
(14th rank) and KATB9 (15th rank) were given same rakings by female and male farmers of 
Hoima (Table 14). In Rakai district, variety KAT B1 only was ranked second by both female 
and male farmers of Rakai district (Table 14).  There was variability in the rankings of 
varieties still between genders of the same type in different districts (Table 12). Greater 
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similarity in the ranking of varieties between female farmers of Hoima and Rakai district 
(r=0.50ns) compare to the male farmers in the two districts (r=0.33) were found (Table 12). 
Considering female farmers of Hoima and Rakai, they coincided in the ranking of RWR 719 
as 13th rank while male farmers coincided in the ranking of NABE 2 (14th rank), NABE 17 
(5th rank) and NABE 15 (6th rank) (Table 12).                                        .            
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Table 13: Preference matrix for bean selection by female and farmers of Hoima district and the researcher during the period of 2013A and 
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Blue coloured cell = genotype rank by male farmers, plain = genotype rank by female farmers, Diagonal cells (green coloured cells) = genotypes 
ranking by researcher, Red colour = coincidence of the female and male farmers in ranking of a genotype, FS = Farmers’ seed, Masindi = 
Masindi Yellow Long. 





Table 14: Preference matrix for bean selection by female and farmers of Rakai district and the researcher during the period of 2013 A and 2013 













1 RWR                        RWR    RWR  
2   NABE 2                   NABE 2   NABE 2   
3     NABE 14           NABE 14         NABE 14   
4       ROBA 1             ROBA 1   ROBA 1     
5         CAL 143         CAL 143         CAL 143 
6       CAL 96   CAL 96       CAL 96           
7             KATX 69         KATX 69       
8           NABE 15   NABE 15               
9           NABE 21   NABE 21 NABE 21             
10       NABE 17 NABE 17         NABE 17           
11 KATX 56                   KATX 56         
12     FS           FS     FS       
13         KAT B9   KAT B9           KAT B9     
14 Masindi    Masindi                      Masindi    
15   KAT B1                         KAT B1 
    1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
    Farmers of Rakai (male and females') ranking 
Blue coloured cell = genotype rank by male farmers, plain = genotype rank by female farmers, Diagonal cells (green coloured cells) = genotypes 
ranking by researcher, Red colour = coincidence of the female and male farmers in ranking of a genotype. 




4.4 Discussion  
The focus group discussion revealed a range of reasons for acceptance or a rejection of a variety. 
Asfaw et al (2011), in his study reported 33 desired attributes preferred by farmers in beans such 
as agronomic, storing ability, yielding ability, market and culinary traits among others. In the 
present study, acceptance of varieties that recorded high percentage of positives votes  could be 
attributed to high yields, drought tolerance, marketing ability, early maturity, attractive grain 
colour, large seed size and less damage by pest and diseases. Those traits were mostly reported 
by male and female farmers of Hoima and Rakai district during the focus group discussion. High 
seed weight were observed to mostly being assessed by number of pods per plant, seeds per pod, 
pod filling ability and germination while for pest and disease resistance were assessed through 
plant architecture, a firm ground stand and attractive clean pods. Similar proxy traits for yield 
and pest and disease damage were reported by Asfaw et al (2011). However, the varieties that 
recorded positive votes, farmers also reported some negative attributes they possess that included 
un desirable colour but with good taste (by a woman in Butimba village, Hoima) and generally 
low yielding and others low yielding under harsh conditions of low nutrient soils, drought and 
excessive rainfall. This showed the ability of the farmers to make selection even though the 
variety doesn’t supply all the desirable attributes (Sperling and Peggy, 1994). 
Case of varieties that recorded high negative votes (rejected) from farmers’ selection, the study 
revealed that the major cause for rejection of the varieties could be associated with late maturity 
and low market demand.  For seed size a factor of influence of market demand, a male farmer in 
Kyengeza village, Rakai district reported ‘‘I require a lot of seed to make a kilogram of a small 
seed variety as compared to the large seed one’’. The aspect of seed colour was strongly depicted 
by the black seeded NABE 2 bean variety. The variety (NABE 2) was described by farmers in a 
number of ways such as ‘‘colour not attractive to the eye’’, ‘‘the taste not good and the soup 
looks bad’’, ‘‘sticky in the mouth’’, ‘‘colour not interesting’’ and generally less demanded in the 
market. Other attributes that contributed to the rejection of some varieties by particular farmers 
were attributed to poor germination, long cooking time, hard to weed especially the semi-
climbing genotype and high aggressive growth when in a varietal mixture. However, the 
varieties that were rejected also possed’ attributes that are desired by farmers, such as, high 
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yielding attributes, small amount of seeds needed for planting, less damage by storage pest and 
short cooking time especially ROBA 1. 
Regarding the relation between the farmers and researcher selection, moderate and significant 
but negative correlation between the researcher and farmers’ rankings of the bean varieties 
implied that varieties recommended by the researcher based on the researcher selection index 
were generally rejected by the farmers. This finding is contradictory to most studies especially 
Asfwa et al. (2011) who reported a weak correlation. The disagreement could be due to the 
difference in the approach of obtaining the relationships. Asfwa et al. (2011) computed his 
correlations based on comparison of the farmers’ and the breeders’ ratings of the varieties. 
However, in the present study the correlations reflected how the data collected by the researcher 
relates to the selection by the farmers’. However, it could be noted that this is quite typical of 
what happens in breeding. The rejection of the best varieties selected based on high researcher 
selection index by the farmers’ would imply differences in the selection criteria that farmers’ 
use. A number of these traits used by the researcher are reported to be under looked by the 
farmers due to their in ability to give good judgement of the selection especially diseases and 
seed quality issues (Asfwa et al., 2011; Almekinders and Elings, 2001). In the present study, it 
could be recognised that farmer selection were most often driven by seed colour and seed size. 
Rejection of the bean varieties selected with high selection index of the researcher with 
exception of NABE 14 by the farmers could be attributed to their small seed size. Also, the 
varieties selected by the researcher could have been rejected because of their late maturity 
especially the small-seeded bean varieties. The rejection of NABE 2 specifically could be 
attributed to the seed colour. NABE 2 is black seeded, with farmers making statements such as    
‘‘the colour is not attractive and I can only eat it at night if need be’’.  Farmers’ generally 
showed less preference to black seeded bean genotype and yet this variety tended to be high 
yielding and resistant to key diseases prevalent in the study sites. Afwa et al. (2011) reported 
similar results when evaluating drought tolerant advanced bean genotypes in Ethiopia. Another 
issue that came up in the focus group discussion was the low marketability for these genotypes. 
The demand for small seeded genotypes is low.  
However, farmers’ preference for landraces Masindi Yellow Long and Farmers’ seed and variety 
KAT B1 could be attributed to their large seed size nature. This is in line with the study 
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conducted in eastern and south western Uganda which indicated that the farmers’ showed much 
preference to the large seeded bean genotypes relative to the small-seeded ones (Mukankusi, 
2008). An aspect of colour and the general awareness of the adaptability of Masindi Yellow 
Long could have also contributed to the general acceptance by farmers for the genotype. Masindi 
Yellow Long has got an advantage of high market demand. Variety KAT B1, a drought tolerant 
Katumani bean genotype released in Kenya that is yellow coloured could have gained general 
acceptance by farmers’ due its’ similarity to Masindi Yellow Long in terms of seed colour, size 
and also possibility of genotype gaining high market demand.  Farmers were able to sacrifice 
desired traits of colour, seed size and adaptability of Masindi Yellow despite of the landrace 
being susceptible to major diseases. These genotypes (Masindi Yellow Long, Farmers’ seed and 
KAT B1) preferred by farmers were ranked among the least by researcher due to higher 
susceptibility and low agronomic traits they portrayed in the trials.  This is in line to Sperling and 
Peggy (1994) results that farmers are able to take trade-off for traits of their preference.      
The high degree of closeness in ranking of most variety by the farmers to the researcher selection 
implied possibility of adoption of the improved varieties developed by the breeders more 
especially by the female farmers of Hoima and both female and male farmers of Rakai district. 
Female farmers are mostly concern of the family food security that constitute the major goal of 
breeders. This could be attributed to both parties acknowledgement of the changing climate and 
its’ associated variability (Mwongera et al., 2014; Kansiime et al., 2013). This could be observed 
in the farmers’ preference for Katumani bean genotypes that are drought tolerant. Actually 
drought tolerance was one of the general concerns raised by the farmers during the focus group 
discussion. This is in line with Kurukulasuriya and Mendelsohn (2007), who reported that in the 
changing climate farmers are likely to adopt improved varieties that possess attributes such as 
heat and drought tolerance that offer advantage to risks associated with climate change. Given 
that all varieties received some positive votes more especially the small seeded bean genotypes 
that were ranked least by both gender types shows existent of possibility of genotypes helping 






The present study provide results on G x E interaction analysis, and systematic determination of 
farmer and researcher assesement of 15 new bean varieties that were promoted in the CCAFS 
benchmark learning sits in Hoima and Raki District. A formal approach for evaluation was 
followed and characterisation of the performance of the varieties for disease severity (angular 
leaf-spot (ALS), rust and common bacterial blight (CBB)), number of pods and clean seed 
weight were done using Finlay and Wilkinson, AMMI and GGE. For further selection by 
researchers, 14 agronomic traits contributed to the selection indices for each variety that were 
use in the comparison with the farmers’ preference index.  
 
G x E interaction play a very important role in plant breeding. G x E aids in making 
recommendation of genotypes for specific or wide adaption based on magnitude of the 
interaction. The presence of low interaction effects observed for the three diseases and number of 
pods implied selection for resistant and high podding ability genotypes based on across 
environment performance should be effective. Varieties RWR 719, ROBA 1 and NABE 2 were 
resistant to the three diseases (ALS, rust and CBB). These varieties were unstable in number of 
pods and clean seed weight but were responsive to favourable environment conditions. 
Kyakamese and Gosola village meets the conditions of favourable environments, being 
characterised by reliable rainfall, low disease pressure and fertile soils. Varieties RWR 719, 
ROBA 1 and NABE 2 being resistant to the three major diseases predominant in Ninzi village, 
there adoption for growing should be good. 
 
Breeders and seed companies normally advocate for stable performance of genotypes over wide 
environments, because, wide adaptation breeding reduces the  cost of varietal promotion, seed 
production and seed supply by seed companies as a single genotype covers a large geographical 
area, compared to specific adaptation where a single genotype targets a single region requiring 
distinct seed systems. In this study, varieties Masindi Yellow Long, CAL143 and NABE 17 
showed good wider adaptation in the test environments and should be recommended for wide 
adoption due to the consistent performance for seed weight over environments. Masindi Yellow 
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Long and NABE 17 in the study were much preferred by farmers in the current study compared 
to CAL143. However, in the face of climate changes, site specific recommendations are 
advocated for, as large climatic and edaphic differences are observed within very small physical 
distances and affect performance of varieties NABE 2, RWR 719 and ROBA 1. 
 
The selection criteria of farmers in the current study was beyond yield. For instance, the high 
preference for varieties Masindi Yellow Long, Farmers’ seed, KAT B1 and NABE 17 by farmers 
of Hoima and Rakai district were due to desired seed colour and size. With exception of KAT 
B1, the market classes of these varieties was also well demanded in the market and adaptable to 
farm conditions. Farmers sacrificed their desired traits in the varieties (Masindi Yellow Long, 
Farmers’ seed and KAT B1) for disease susceptibility. Masindi Yellow Long, Farmers’ seed and 
KAT B1 in the different study sites were found susceptible to ALS, bean rust and CBB disease. 
Farmers sacrified their desired traits in the varieties (Masindi Yellow Long, Farmers’ seed and 
KAT B1) for disease susceptibility. This is further noted in the rejection of high yielding but 
resistant varieties ROBA 1, RWR 719 and NABE 2 associated with undesired preference that the 
varieties have. These varieties are small seeded and as low demand in the market. Variety NABE 
2 as black coloured seed, a colour undesired by farmers in the area.  
 
There is need for further thoughts of farmers’ desired traits by breeders when conducting 
Participatory Variety Selection (PVS). The desire for varieties that would increase farmers’ crop 
system resilience to climate change without taking note of farmers’ preference may result with 
limited success. The study identified Masindi Yellow Long that was stable in performance and 
well desired by farmers, but was susceptible to diseases (ALS, rust and CBB). Improvement of 
Masindi Yellow Long for resistance to diseases will likely develop varieties that will receive 
high demande by farmers and market for food and sale. The high preference for KAT B1, a 
Katumani bean genotype that resembles Masindi Yellow Long in seed colour and seed size is 
some of the indications of the likely high adoption.   
Backcrossing Masindi Yellow Long as a recurrent parent to RWR 719, ROBA 1 and NABE 2 
(as donor parents) for resistance to angular leafspot, bean rust and common bacterial blight 
disease could protect Masindi Yellow Long against yield loss from diseases. A number of 
backcrossings of the derived progenies to Masindi Yellow Long could be done to recover much 
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of the desirable characteristics of colour, seed size and other characteristics of Masindi Yellow 
Long that are preferred by farmers. The selection for higher number of pods should be taken 
notice off during breeding since they are factors required for systems resilience to varying 
weather conditions. In addition, this would increase the portfolio of available germplasm with 




















CONCLUSIONS AND RECOMMENDATIONS 
CONCLUSIONS 
Varieties ROBA 1, RWR 719 and NABE 2 were adapted to favourable environments, 
Kakyamese and Mpalangasi in Hoima. The varieties registered higher clean seed weight and 
were resistant to CBB, ALS and bean rust disease.  
Farmer variety Masindi Yellow Long and varieties NABE 17 and CAL 143 were generally 
adapted to all environments. The varieties registered stable clean seed weight. 
In the selection by farmers, farmer varieties Masindi Yellow Lond and Farmers’ seed, and 
varieties KAT B1 and KATX 56 were the most preferred by both gender groups in the two 
districts.  
The selection by the farmers were driven by perceived varieties adaptability, market demand and 
suitability for consumption.  
RECOMMENDATIONS 
Varieties ROBA 1, RWR 719 and NABE 2 can be grown in favourable environments for higher 
grain yields production. The favourable environments were characterised by adequate rainfall, 
and fertile soils. 
Varieties ROBA 1, RWR 719 and NABE 2 although disliked by farmers, they have been found 
to be resistant to most of the common diseases affecting beans in this region. The varieties can be 
use as parents by breeding programs for improvement of the farmer preferred varieties (Masindi 
Yellow Long, Farmers’ seed, KAT B1 and KATX 56) that have been found to be susceptible to 
diseases and average in clean seed yield performance.  
Farmer desired traits should always be incorporated in all varieties released that target a marginal 
areas in Hoima and Rakai district. This will improve their consumption and marketability. 
Breeding programs need to inquire for these desired traits prior to conducting Participatory 
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